Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



WORKS OF E. B. WILSON, E.M., 



PUBLISHED BY 



JOHN WILEY & SONS. 



Cyanide Processes. 

i2mo, cloih, $1.50. 

The Chlorinatlon Process. 

xamo, cloth, 9i«5o« 

Practical Mine Ventilation. 

For the Use of Mining^ Engineers, Students, and 
Practical Men. With plates. x6mo, cloth, f 1.25. 

Hydraulic and Placer Mining. 

With illustrations, including full-page half-tones. 
i2mo, vi + 234 pages, cloth, I2.00. 



A TREATISE 



OH 



PRAOTIOAL AND THEORETICAL 



MINE VENTILATION. 



BT 



EUGENE B. WILSON, 

IS8TBU0TOR IN DRIFTON IKDUSTRIAL BCHOOL TOB MINSBB 

AND MECHANICS. 



FIFTH EDITION. 

SECOND THOIZSAND. 



NEW YORK: 

JOHN WILEY & SONS. 

London: CHAPMAN & HALL, Limited. 

1904. 



Copyright, 1884, 
Br EUGBNB B. WlliSOIif. 



120245 Co-^l'^"*!^ 

JUN 24 1908 

w\uv\ c 



PREFACE. 



The author, aware of the interest manifested by miners 
in this subject, which is so intimately connected with their 
daily employment, has endeavored to deal with ventilation 
in such a manner that no one with a fair knowledge of the 
English language and of arithmetic need despair of thor- 
oughly mastering it. 

I^nowing that the miner possesses but a comparatively 
small stock of words, and is not an adept in algebraic for- 
mulas, the writer has taken a different position from the 
standard works on the subject, endeavoring to do away with 
abstruse language, and such highly mathematical formulas 
as are only calculated for well-educated engineers. In 
order that the text may be more readily followed, each arti- 
cle is illustrated by an example. From the number of fatal 
explosions which have taken place within the past eighteen 
mouths, it is evident that either managers are ignorant of 
the laws of ventilation, or else negligent in providing methods 
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in conformity with those laws. If the latter is the case, they 
are the more blamable ; as ignorance of the subject, even at 
this time, may be excusable, but negligence can never be. 
There are many practical hints given for engineers, who, 
owing to lack of time, have been unable to keep as well 
informed on this subject as they may have wished to do : 
also many useful memoranda, and tables for saving time and 
labor when dealing with questions relating to ventilation, 
will be found in this little volume. 

The author would also state, that this book is intended for 
miners, and not for engineers ; but at the same time it is 
believed that it will be found useful to many engineers. 

In hopes of showing how men's lives may be lengthened, 
and preserved from the dangers that lurk in improperly ven- 
tilated mines, this work has been written, and is now offered 
to the class most interested, by their friend and well-wisher, 

E. B. W. 

Dboton, Pbnn.» June. 1884. 
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2 MINE VENTILATION. §X 

phere is forty-five miles thick about the earth : which, 
however, is merely supposition, as the height has not 
as yet been computed with accuracy, although it has 
been proven that Mariotte's law is conformed to by 
the gases which constitute the air ; their density vary- 
ing according to the pressure. 

That the atmosphere varies in pressure was recog- 
nized at an early period: even the Florentine pump- 
makers were acquainted with the fact that water could 
not be raised by suction from a depth of more than 
thirty to thirty-three feet. " 

Galileo explained this phenomenon, and clearly 
demonstrated that the pressure of the atmosphere was 
equal to the weight of thirty-three feet of 'water. 

Torricelli argued from this, that, if the atmosphere 
would support thirty-three feet of water, it would not 
support more than thirty inches of mercury; as mercury 
is about fourteen times heavier than water. The result 
of Torricelli's investigations and experiments gave us 
the instrument known as the barometer, by means of 
which we can measure the density of the atmosphere, 
which is on an average equal to the weight of a column 
of mercury thirty inches in height at sea-level. The 
temperature of the atmosphere is not the same through- 
out : it becomes colder as we ascend ; hence on the top 
of high mountains we find snow the year round. 
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That air has weight may be shown by the following 
experiment. Take a vessel whose capacity, say, is 100 
cubic inches, exhaust it of air, and then weigh it. Let 
it now be filled with dry air at the ordinary tempera- 
ture and pressure, then weighed again. Upon second 
weighing it is found to be 31,074 grains heavier than 
at the first. As the weight of the atmosphere will 
sustain a column of mercury whose base is one inch 
square, and whose height is thirty inches, it must press 
down with a weight equal to the weight of the mercury 
of the above dimensions to balance it. The weight of 
this mercury is 14.7225 pounds, and hence the atmos- 
phere has a weight or pressure equal to 14.7 on each 
square inch of surface exposed to it. 

Air is taken as the standard of comparison for all 
gases and vapors. The chemical composition of air in 
its natural state is given by Dr. Frankland as follows : — 

Oxygen 20.61 

Nitrogen 77.95 

Carbonic acid 04 

Moisture 1.40 

100.00 

Dry air is composed of 

Per cent by weight. Per cent by vol 

Nitrogen 77 79 

Oxygen • • • • • 23 21 

100 100 
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The specific gravity of the gases in the following 
table was determined experimentally by De la Roche 
and Berad, who took air as the standard for gases. 



TABLE L 



Navi ov Oas. 


Symbols. 


Specific gravity. 


Atmosphere 

Hydrogen 

Water- vapor 

Olefiant gas 

Carbonic oxide 

Nitrogen 

Nitric oxide 

Oxygen 

Nitrous oxide 

Carbonic acid 

Sulphurous acid 


N4O 

H 

HjO 

C,H4 

CO 

N 
NO 


N.O 
CO2 
SO, 


1.0000 
0.0692 
0.6210 
0.9672 
0.9674 
0.9713 
1.0890 
1.1056 
1.5250 
1.5290 
2.470 



Manner of finding the weight of a gas compared 
with that of air is illustrated by the following problem. 
Example. If 1,000 cubic feet of air weigh 80.728 
pounds when the temperature is 32° and the barometer 
30", what will 1,000 cubic feet of nitrogen weigh under 
the same conditions ? 

Solution. — From the table we find the density of 
nitrogen to be 0.9713 when air is one : hence we have 
the proportion 1 2 0.9713 = 80.728 2 Ans.y or 78.415 + 
pounds. 
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2. The miner has to deal with several gases, espe- 
cially the coal-miner. It is therefore imperative that 
he should know the composition of these gases, so as 
to be able to distinguish them. To this end, therefore, 
a brief synopsis of some of the gases so often met with 
in mines, together with their properties, is here inserted. 

Nitrogen. 
Symbol, N. Equivalent, 14. Specific gravity, 0.9713. 

The name signifies nitre-maker. It constitutes about 
four-fifths of the atmosphere, and enters into a great 
variety of combinations. ' Nitrogen is somewhat lighter 
than air; a cubic foot of the gas weighing 0.0784167 
pounds, while a cubic foot of air weighs 0.080728 
pounds. Nitrogen may be obtained by burning the 
oxygen from a confined portion of air. It is incapable 
of sustaining combustion or animal life: not that it has 
positive poisonous properties ; but fiame is extinguished, 
and animals smother, for want of oxygen. It is best 
characterized by its passiveness ; as it has very little 
affinity or attraction for other elements, and upon the 
slightest provocation will free itself if possible. For 
instance, it may be induced to combine with iodine, 
and form "nitric-iodide," a black, insoluble powder, 
which will explode if moved, jarred, or even touched 
with a feather. It enters into the composition of gun«< 
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powder, nitroglycerine, and dynamite. With oxygen 
it forms five distinct compounds : — 

a, Nitrous oxide, N2O. 
by Nitric oxide, NO. 

c, Nitrous anhydride, N2O3. 

d, Nitrogen peroxide, NO2. 
c, Nitric anhydride, N2O5. 

a. Nitrous oxide, or nitrogen sub-oxide, when pure, 
may be respired for a few minutes with impunity. When 
inhaled in large quantities, it produces a lively intoxi- 
cation, accompanied with violent laughter: whence it 
derives the name of "laughing-gas." 

6, Nitric oxide, or nitrogen protoxide, may be pre- 
pared by treating copper filings, or turnings, with nitric 
acid. The gas obtained in this manner is colorless and 
transparent : in contact with air or oxygen, it produces 
deep-red fumes. 

<?, Nitrous anhydride is an obscure body, and forms, 
with the elements of water, an acid known as " nitrous 
acid." 

rf. Nitrogen peroxide is the chief constituent of the 
deep-red fumes noticed when nitrogen protoxide is 
brought in contact with air. 

e. Nitric anhydride is a very unstable, white, solid 
compound, decomposing spontaneously into nitrogen 
peroxide and oxygen. When treated with water, it 
forms nitric acid. 
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(kygen. 
Symbol, O. Equivalent, 16, Specific gravity, 1.1056. 

3. Oxygen forms one-fifth part of the atmosphere. 
It is transparent and colorless, not to be distinguished 
by its aspect or smell from atmospheric air. It is the 
most widely diffused of all the elements, forming about 
one-third of the solid crust of the globe. It unites 
with all the other elements to form compounds, which 
are sometimes gaseous, sometimes solid, sometimes 
liquid. The name signifies acid-former ; and, with one 
exception, oxygen enters into the combination of acids. 
All the ordinary phenomena of fire and light which we 
daily witness depend upon the union of the body burned 
with the oxygen of the air : in fact, the term " oxida- 
tion" may, for all ordinary purposes, be regarded as 
synonymous with " combustion." 

Faraday has roughly estimated that the amount of 
oxygen required daily to supply the lungs of the human 
race is at least one thousand millions of pounds ; that 
required for the respiration of the lower animals is at 
least twice as much as this; while the always active 
process of decay requires certainly no less than four 
times as much. Faraday also estimates that one thou- 
sand millions of pounds are sufficient to sustain all the 
artificial fires lighted by man, from the camp-fire of 
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ihe savage to the roaring blaze of the blast-furnace, or 
the raging flames of a grand conflagration. 

Amount of Oxygen required Daily. 

Pounds. 

Whole population 1,000,000,000 

Animals 2,000,000,000 

Combustion and fermentation 1,000,000,000 

Decay and other processes 4,000,000,000 

Total amount of oxygen required daily . . . 8,000,000,000 

These figures are inconceivable ; and, when we reduce 
the oxygen consumed to tons, we fail to grasp it, as it 
is no less than 3,571,428 tons. 

Although the consumption of oxygen is so great, yet 
there is no fear of its being exhausted ; as, at the present 
rate of consumption, there is enough to last nine hun- 
dred thousand years. Oxygen is the active principle 
of the atmosphere. It devours every thing with which 
it can unite : it corrodes metals, decays fruits, promotes 
combustion, and is a prime necessity for health. 

The body is a stove, in which fuel is burned ; the 
chemical action being the same as in any other stove. 
We take into our lungs air, and give out a poisonous 
gas, — carbonic-acid, the waste products of the com- 
bustion of our bodies. From this we may learn how 
important a factor oxygen is for health, and how neces- 
sary it is that we have plenty of fresh, pure air, if we 
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wish to be free from disease. One man breathes into 
his lungs at each inspiration about 230 cubic inches of 
air, or one gallon. In the delicate cells of the lungs 
the air gives up its oxygen to the blood, receiving, in 
turn, carbonic acid and water, foul with waste matter 
which the blood has picked up in its circulation through 
the body. Should we rebreathe it into our lungs, the 
blood will leave the lungs, not bearing invigorating 
oxygen, but refuse matter to obstruct the whole system. 
Without oxygen the muscles become inactive, the 
heart acts slowly, food is undigested, brain is clogged, 
and at last such fatal results as were manifested in the 
" Black Hole of Calcutta " implore us not to be stingy 
or afraid of "God's blessing," — pure air. 

4. Having examined slightly the constituent parts 
of the atmosphere, let us briefly examine the principal 
gases met with in coal-mining. 

Carbonic -Acid Gas. 

Symbol, CO2. Equivalent, 22. Specific gravity, 1.53. 

One cubic foot of the gas at 32° F., and barometer at 
30'', weighs 0.12845 of a pound. 

This gas is composed of carbon and oxygen. Miners 
have given it several names, such as "sty the," "choke- 
damp," "black-damp," and "after-damp." This gas is 
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always produced when compounds containing carbon 
are burnt in air or oxygen. It may be produced by 
treating limestone or marble with hydrochloric or 
sulphuric acids. The occluded gases in all coal con- 
tain carbonic acid. Carbonic acid is considered poison- 
ous, on account of the many deaths which have resulted 
from burning charcoal and carbonaceous materials in 
places where there was a deficiency of ventilation, and 
by reason of the fatal nature of after-damp of explo- 
sions in coal-mines. Its specific gravity is 1.524; so 
that it is a little more than one and a half times as 
heavy as air. It lodges near the floor of places in which 
it is evolved when little more than mutual diffusion is 
going on. Owing to its great density, it may be poured 
from one vessel to another. It is the only gas, except 
nitrogen, which is evolved by most bituminous coals ; 
and, when it is given off in quantity, active ventilation 
is required to carry it off. 

Le Blanc, and many other chemists, affirm that air con- 
taining more than five parts in a thousand is injurious 
to breathe. Mr. J. W. Thomas of England, while not 
asserting that it is not injurious, says, that "in levels 
and seams of semi-bituminous and bituminous coals in 
South Wales, in part or wholly worked to the dip, with 
scanty ventilation in some particular spots, through the 
non-completion of air-splits, or conveyances, men often 
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work in an atmosphere containing from two to five per 
cent of this gas for hours." Be that as it may, tlie sys- 
tem, uninspired by the energizing oxygen, is sensitive 
to cold. The pale cheek, the lustreless eye, the languid 
step, shortness of breath, speak but too plainly of oxygen 
starvation. "In such a soil, catarrh, scrofula, miners' 
asthma, and consumption run riot." 

Miners call the carbonic acid produced by the explo- 
sion of fire-damp, "after-damp." They fear it almost 
as much as fire-damp, as it instantly destroys the lives 
of all who may have escaped the flames of the explo- 
sion. This property of carbonic acid, of choking or 
smothering, has of late years been made use of for 
putting out fires in coal-mines. In one case, an Eng- 
lish mine which had been burning twenty years was 
smothered by pouring into it eight billion cubic feet of 
carbonic acid, and then closing it up for one month. 
At the end of the month the mine was opened, and 
found to be ready for the resumption of labor. 

When found alone in a mine, carbonic acid is not 
considered as dangerous as fire-damp, since it will not 
burn. Carbonic acid, at the ordinary temperature and 
pressure, is a gas. It solidifies when subjected to great 
pressure ; but, as soon as the pressure is removed, it 
returns to the gaseous state : therefore the term " car- 
bonic acid " is applied as well to the gas as to the acid. 
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Carbonio Oxide. 
Symbol, CO. Equivalent, 14. Specific gravity, 0.9674. 

5. One cubic foot of the gas at 32° F., and barometer 
of 30'', weighs 0.078305 of a pound. 

This gas is sometimes called "white-damp." From 
experiments made by Dr. Meyer and J. W. Thomas, it 
was found, that, during every explosion, large quanti- 
ties of this gas were formed, and that the fatal effects 
of the after-damp are in a great measure due to its 
presence. Carbonic oxide is an odorless and colorless 
gas, incapable of supporting the combustion of other 
bodies, but is itself an inflammable gas. It possesses 
very poisonous properties, which act powerfully on the 
blood and nervous system, producing, when inhaled in 
very small quantities, a most unpleasant sensation, fol- 
lowed quickly by headache, and disinclination to move, 
prostration and inactivity : if continued to be breathed, 
asphyxia follows, and death soon results. Air contain- 
ing only one-half per cent of this gas would prove fatal, 
if inspired for any length of time. Mr. Thomas advo- 
cates oxygen and induced artificial breathing, for those 
who are overcome by this gas, in preference to the 
administration of alcoholic stimulants. 
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The composition of carbonic oxide is, 

By weight. By volume. 

Carbon 42.86 1 

Oxygen 57.14 1 



100.00 



This gas is narcotic, and, when breathed in a concen- 
trated form, would produce no pain, the body passing 
instantly into a state of coma. Whatever position the 
victim assumed, in that position he would be found 
dead, unless moved by some other means. " Carbonic 
acid, and the nitrogen left after an explosion, would 
be fatal in their effects ; but very often men have suc- 
cumbed to supposed after-damp, while their lamps 
burned well. The presence of carbonic acid and nitro- 
gen will not account for the result or phenomena." 

SULPHURETTED HYDROGEN. 
Symbol, SH2. Equivalent, 17. Specific gravity, 1.178. 

6. One cubic foot of the gas at 32° F. and barometer 
of 30'', weighs 0.09492 of a pound. 

This gas, although not common, is met with some- 
times in mines. It is colorless, but easily distinguished 
by its peculiar smell, — that of rotten eggs. It may 
be prepared by treating sulphide of iron with dilute 
sulphuric acid. The composition of sulphuretted hydro- 
gen is, 
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By weight. By atome. 

Snlphur 94.12 1 

Hydrogen 5.88 2 

100.00 3 

When mixed with oxygen, it will explode if ignited. 
When inhaled in a pure state, it is a powerful narcotic 
poison, and produces fainting and asphyxia when pres- 
ent in very small proportions of the atmosphere. It 
appears to be probable that the gas is generated in 
small quantities in old worked-out mines. Some claim 
that it is formed by the decomposition of pyrites in old 
workings ; others, that it is not formed in this manner, 
but by the decomposition of props and timber standing 
in water, by breaking up the sulphate of lime, and 
assimilating its oxygen, while sulphur seizes upon the 
hydrogen of the wood to form sulphuretted hydrogen. 
This gas is also known as hydrosulphuric and sulphuric 
acid gas. 

MARSH-GAS. 
Symbol, CH4. Equivalent, 8. Specific gravity, 0.55314. 

7. One cubic foot of this gas, at 32° F. and barome- 
ter of 30'', weighs 0.044666 of a pound. 

It is known by several names, — proto-carburetted hy- 
drogen, light carburetted hydrogen, hydride of methyl, 
fire-damp. Marsh-gas, however, is better known to 
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miners as "fire-damp." It is colorless, tasteless, odor- 
less, when pure, burning with a yellowish flame. It is 
formed in swamps and marshy places by the decom- 
position of vegetable matter, and may be seen bubbling 
up through the water when the mud is stirred beneath. 
Marsh-gas is found in such (quantities in some places, 
that it is used for lighting towns, and evaporating 
brine. In the oil-regions it frequently bursts forth with 
explosive violence, throwing the oil high in the air when 
the drill nears it. Coal-gas contains about thirty-eight 
per cent of marsh-gas. When marsh-gas is evolved 
in the shape of " blowers," it constitutes about ninety- 
six per cent of the total volume. Blowers sometimes 
assume enormous dimensions, and have been conveyed 
from the workmgs to the surface by means of pipes, 
and utilized. Marsh-gas is not poisonous. Sir H. Davy, 
of safety-lamp fame, was the first to experiment on this 
gas. He found, that, when mixed with three and a half 
times its volume of air, it did not explode ; with five 
and a half times its volume, it exploded slightly ; and, 
when mixed' with eight or nine volumes of air, the force 
of explosion was greatest. When there is a deficiency 
of ventilation, the fire-damp is said to rise to the upper 
portion or top of a gallery, and there remain, because 
of its being lighter than air. It is also said that car- 
bonic acid, being heavier than air, lodges on the "floor" 
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Let the lines below represent a gallery from which 
some of the top has fallen. F is the floor, RR the roof, 
iiiul -ffthe hole caused by the fall. If a lamp be raised 
about halfway between R and F^ an explosive mixture 
may be encountered ; but, if the lamp is held near the 



R 



r 



cracks in RR^ not a trace of gas will be indicated by it, 
provided there is sufficient ventilation. Gradually stop 
the ventilating current, so that the air scarcely travels, 
and then apply the lamp, and the fire-damp issuing from 
the cracks may be detected. Active ventilation, sweeps 
away all the gas which escapes from cracks in the line 
of the top rock or roof; but as the current can find no 
outlet through the hole at H^ and encounters a press- 
ure equal or superior to that along the roof, it travels 
onward, heedless of any gas situated out of the line 
RR» When fire-damp accumulates near the roof or 
top line of a gallery or heading, it indicates that the 
gas is given off in greater quantity than can be carried 
off by the ventilation ; and, where any such accumula- 
tion takes place, there must be either a deficiency of 
veui'ilation, or an unusual inpour of gas. 
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EXPANSION OF GASES. 

8. One of the chief characteristics of any gas is its 
expansive property. To calculate the exj)ansion of any 
volume of air, the starting-point must always be taken 
at 0° on Fahrenheit's scale ; for air at that temperature 
will expand -^^-^ of its volume for every degree of heat 
added. Therefore 459 cubic feet of air at 0° will be- 
come 460 cubic feet at 1° F. 

Careful experiments show that 459 cubic feet of air 
at 0° F. weigh 39.76 pounds, when the pressure is 30 
inches of mercury of the density due to 32°, — a press- 
ure equal to 14.7 pounds per square inch ; but, when 
the pressure is one inch, it weighs only -^jj part of this, 
or 1.3253 pounds. To find the weight of a cubic foot 
of air at any temperature or height of the barometer, let 

B = height of the barometer in inches, 
t = temperatm-e by Fahrenheit's thermometer ; 

then 

1.3253 X B 



(1) W = 



459 -\-t 



Problem. — What is the weight of a cubic foot of air, 
the temperature of which is 96°, under a barometric 
pressure of 29.5 inches of mercury? 

By substituting 29.5 in formula 1 for J?, and 96° for 
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^ and then performing the operations indicated, we 
have 

^ l'^^^^ X 29.5 ^ ^^^^^^ ^^^ 
459 + 96 ^ 

as the weight of a cubic foot of air under the above 
conditions. 

The following table has been made out to facilitate 
calculations. It gives t^he weight of 100 cubic feet of 
air in pounds at different barometrical pressures. 
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9. As we have seen, air has weight, and therefore 
becomes subject to the " physical laws " that govern 
liquids and falling bodies; i.e., air is acted on by gravity 
in the same manner as a solid. 

Let h = the distance fallen through in feet. 

V = the velocity acquired at the end of the fall, in 
feet per second. 

g = the distance in feet which an unresisted gravitat- 
ing body falls in the fii*st second of time ; 
which distance has been found by experiment 
to be 163^ feet near the earth's surface. 

Since a body falls 16.08' in one second, it gains a 
velocity of 32.16' at the end of the first second: hence 
we have 

(2) V = >JIgh = 8.0208 V^. 

In this equation A represents the necessary height, in 
feet, of a vertical air-column which will produce by its 
weight a velocity equal to v. If this velocity be repre- 
sented in feet per minute, we shall have 

(3) V = 8.0208V^ X 60 = 481. 2^^, 
and 

(4) A = 



v^ v^ 



(481.2)2 231,600 
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These formulae (2), (3), and (4) are only theoreti- 
cally true as regards air in mines, the pressure or head 
of air-column required being from ten to twenty times 
as much in order to overcome the friction and resist- 
ance of airways, etc., in underground workings; and, 
were it not for these resistances, very small pressure 
would suffice to produce great velocity. 



CHAPTER II. 



> 



NATUEAL VENTILATION. 

10. Motion in air is caused by pressure, or differ- 
ence of pressure. When air becomes heated, it ascends, 
because it assumes a larger volume ; 
and, as the same volume of cold air 
is heavier, it pushes the warmer A 
up, or out of its place. This phe- 
nomenon in the open air gives rise 
to winds and breezes, which vary 
in intensity, according as the cool 
air takes the place of the warm air, rapidly or slowly. 

Suppose we have two shafts (connected, as in the 
above figure) of equal depths, the air in them having 
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the same temperature and density throughout. If no 
artificial means be used to cause a movement in either 
direction, — down one, and up the other, — the air will 
be in equilibrium, and be stagnant. If the tops of the 
shafts be not 9f the same height, as AB^ the air AE^ if 
of the same density and temperature, would have the 
same effect as if the shaft rose to E^ and remain in 
equilibrium. Suppose, now, that the external air is of 
lower temperature than the air in the shafts, and the 
column AB lower in temperature than CZ), a movement 
of the air then takes place from A towards (7. On the 
contrary, if the external air be warmer than that of 
the shafts, the shaft AB will be the upcast, and circu- 
lation will be from O to A^ on account of the heavier 
column of air CD. 

This is the principle upon which furnaces are em- 
ployed to ventilate mines. They are placed at the 
bottom, or near the bottom, of the upcast shaft. The 
heat given off by them raises the temperature of the air, 
which expands -^^ part of its volume for each degree 
of heat added, and hence becomes lighter. The cooler 
air of the downcast shaft is now able, owing to its 
greater density, to fall down the shaft, and push the 
air of the mine into the upcast, which becomes, in turn, 
heated by the furnace. Let us take an example to see 
in what manner this difference in density will cause 
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ventilation. Suppose the two shafts to be of equal 
depth, say 900 feet, and suppose the barometer to stand 
at 29 inches ; also let the temperature in the downcast 
be assumed to be 42°, and that of the upcast 72°. 
From the table on p. 21, we find that 100 cubic feet of 
air at 42° weigh 7.67 pounds : therefore 900 cubic feet 
weigh 9 times as much, or 69.030 pounds. Again: we 
find 100 cubic feet of air at 72° weigh 7.236 pounds, 
and hence 900 cubic feet weigh 65.124 pounds. The 
difference between these weights will give the pressure 
that would cause circulation. 

PoTxndM. 
900 cubic feet at 42^ = 69.030 
900 cubic feet at 72« = 66.124 



Difference in weight 3.906 

This pressure in the open air would produce a velocity 
of wind between twenty-five and thirty miles per hour. 

U. The "motive-column" is a "head of air" of such 
a height that it will equal the difference between the 
weight of the downcast and upcast columns of air. 

Let M = the motive-column, or head of air, 
D = the depth of the upcast in feet, 
t = the temperature of the upcast in degrees, 
ti = the temperature of the downcast in degrees. 
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then, 

(5) M^Dx *"*" 



459^ + 1^ 



Problem. — Find the motive-column which would pro- 
duce a pressure of 3.906 pounds when the upcast has 
a depth of 900 feet and a temperature of 72°, and the 
downcast has the same depth and a temperature of 42^. 

Substituting in formula 5 we have 

as the length of the motive-column. 

The height of a column of this air, one foot in area, 
weighing one pound, may be found by dividing the 
motive-column by the pressure per square foot; thus: — 

53.8922 
"3:906" ^ ^^-^ • 

The relative diameters of the shafts make no diflfer- 
ence upon the total pressure, so far as the considera- 
tions regarding ventilation are concerned. This is 
termed " the pneumatic paradox ; " for if we have one 
square foot area for a downcast, and an upcast of ten 
square feet, the pressure on each square foot of upcast 
will be the same as on the one square foot of the down 
cast, provided there is no friction. 
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When calculating the weight of the motive-column, 
we must bear in mind that it is not the total amount 
of air, or the total number of cubic feet, that we seek, 
but the length of an air-column which has for its base 
one square foot, and which weighs a certain amount 
for each cubic foot in height. 

12. The temperature of the atmosphere varies at 
diflferent seasons of the year. This variation causes 
considerable increase and decrease in the ventilation 
of mines. To illustrate this, suppose we have a mine 
900 feet deep, what will be the ventilating pressure, 
when the temperature in the downcast is, on an aver- 
age, 42°, and in the upcast 202°, the barometer being 
80" on an average in the two shafts, which are equal 
in length? 

PonndB. 
900 cubic feet of air at 42© F. = 71.406 
900 cubic feet of air at 202° F. = 54.126 



Difference in weight . . . 17.280 

Suppose, now, the temperature of the downcast to 
be raised to 82° F., then 

Pounds. 
900 cubic feet of air at S29F.= 66.123 
900 cubic feet of air at 202^ F. = 54.126 



Difference in weight .... 11.997 
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17.280 — 11.997 = 5.283 pounds of the total pressure 
lost by this change of temperature. As the tempera- 
ture does not change so much as 40°, in a short time it 
will not have so marked an effect upon the ventilation 
of mines : still, an increase of power will be required 
during the summer months in order to keep the venti- 
lation uniform during the year. 

From the above, it may be seen that natural ventila- 
tion may be more during the winter than during the 
summer months. Where furnaces or steam-jets are 
employed to produce ventilation, the longer the upcast, 
the better; as the longer upright column of light air 
gives rise to a brisker ventilation. For this reason, 
furnaces should not be used in shallow pits. 

When coal is worked at a dip, the effect of natural 
ventilation is very complicated ; and in many instances 
there will be little benefit derived therefrom at any 
season of the year, owing to the tendency of the heated 
air to ascend against the down current. Natural venti- 
lation is not a help to artificial ventilation, but often is 
of very great hinderance to a fan, on account of the 
vacillating atmospheric changes. On this account, 
therefore, the inlet and outlet should be as nearly as 
practicable on the same level. High winds, directed by 
hills, blowing against the exhaust duct of a fan, greatly 
impede its action. 
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TABLE IIL 
VELOCITY AND POWER OF WINDS (SmsATOH). 



Velocity. 
Miles per hour. 


Perpendicular force on 
one square foot, in 
pounds avoirdupois. 


Common appellation of such 
winds. 


1 

4 

5 

10 

15 

20 

25 

30 

35 
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100 


.005 
.079 t 
.123$ 
.492/ 
1.107 \ 
1.968 i 
3.075 f 
4.429 i 
6.027 ) 
7.873 
12.300 
17.715 
31.490 
49.200 


Hardly perceptible* 
Gentle wind. 

Pleasant breeze. 

Very brisk. 

High wind. 

Very high. 
Storm. 
Great storm. 
Hurricane. 
Violent hurricane. 



CHAPTER IIL 



SAFETY-LAMPS. 

13. In the year 1814 Mr. Buddie, an Englishman, 
read a paper before a society formed for preventing 
accidents in coal-mines, illustrating the various modes 
employed in the ventilation of collieries by plans and 
sections. 

At that time the only light used in coal-mines was 
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the candle made of sheep or ox tallow, the latter being 
considered the better- 
When the air in the mine became mixed with inflam- 
mable gas, the mode of determining its existence and 
degree of inflammability was described by Mr. Buddie 
as follows : — 

" In the first place the candle, called by the colliers 
*the low,' is trimmed; that is, the liquid fat is wiped 
off, the wick snuffed short, and carefully cleansed of red 
cinders, so that the flame may burn as purely as possi- 
ble. The candle, being thus prepared, is holden be- 
tween the fingers and thumb of the one hand ; and the 
palm of the other hand is placed between the eye of 
the observer and the flame, so that nothing but the 
spire of the flame can be seen, as it gradually towers 
over the upper margin of the hand. The observation 
is generally commenced near the floor of the mine, and 
the light and hand are gently raised upwards till the 
true state of the circulating current is ascertained. 
The first indication of the presence of inflammable air 
is a slight tinge of blue, a bluish-gray color, shooting 
up from the top of the spire of the candle, and termi- 
nating in a fine extended point. This spire increases 
in size, and receives a deeper tinge of blue, as it rises, 
through an increased proportion of inflammable gas, 
till it reaches the firing-point. The experienced collier 
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knows all the gradations of shew (as it is called), and 
seldom fires the inflammable gas, except in cases of 
sudden discharge." 

When the air was highly charged with inflammable 
gas, the steel mill was resorted to. It consisted of a 
steel wheel, to which was applied a piece of flint when 
it was turned rapidly, thus throwing off a continuous 
succession of sparks, the light of which was rather 
uncertain : however, it was a substitute. But as it re- 
quired one man to work the mill for every man cutting 
coal, mining became too expensive ; and only those por- 
tions of the mine were worked where a sufficient cur- 
rent of air could be brought to bear upon the gas to 
dilute it sufficiently to allow of candles being used. 

In 1814 Dr. Clanny produced a lamp by which a 
light could be used in an inflammable mixture of gas 
with impunity. The insulation of the flame was accom- 
plished by means of water ; and, although the first lamp 
which was produced, it was too complicated and cum- 
brous for general use. 

In 1815 — at the same time, but in distant localities 
— Mr. George Stephenson and Sir Humphry Davy both 
produced lamps which insulated lights in inflammable 
mixtures of fire-damp without exploding the ga& exter- 
nally. These productions have been of the utmost 
importance in coal-mining, and consequently to the 
commercial interests of the country generally. 
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Mr. Stephenson reasoned, that "if a lamp could be 
made to contain the burnt air above the flame, and to 
permit the fire-damp to come in below in a small quan- 
tity, to be burned as it came in, the burnt air would 
prevent the passing of the explosion upwards ; and the 
velocity of the current of the air from below would 
also prevent it passing downwards." He accordingly 
constructed a lamp of tin, with a hole in the bottom to 
admit the air to the flame, and a top perforated with 
holes. By experiments with this lamp he discovered 
the true principles of the safety-lamp. 

Sir H. Davy, at about the same time, communicated 
with a friend that he had "discovered that explosive 
mixtures of mine-damp will not pass through small 
apertures or tubes, and that if a lamp or lantern be 
made air-tight on the sides, and furnished with aper- 
tures to admit the air, it will not communicate flame 
to the outward atmosphere." He subsequently found 
that "iron- wire gauze, composed of wires from one- 
fortieth to one-sixtieth of an inch in diameter, and 
containing twenty-eight wires, or seven hundred and 
eighty-four apertures to the inch, was safe under al) 
circumstances." 

The process by which Mr. Davy arrived at the above 
conclusion is given by himself in a small work " On 
the Safety-Lamp for Coal-Mines, with some Researches 
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on Flame : " " In reasoning upon the various phenom- 
ena brought about by my various experiments, it oc- 
curred to me, — as considerable heat was required for 
the inflammation of the fire-damp, and as it produced, in 
burning, a comparatively small degree of heat, — that 
the effect of carbonic acid or azote, and of the sur- 
faces of the small tubes in preventing its explosion, 
depends upon their cooling powers, or their lowering 
the temperature of the exploding-mixture so much that 
it was no longer suflBcient for its continuous inflamma- 
tion." 

Mr. Stephenson's lamp has been much improved. It 
consists of a glass cylinder above the lamp, covered by 
a cylinder of wire gauze ; and, instead of air passing 
through the perforated plate, it passes through the 
meshes of the gauze (Fig. 1). 

The Davy lamp differs from the Stephenson, inasmuch 
as^ the former admits air through the meshes of the 
wire on all sides : consequently, when immersed in an 
inflammable mixture, the whole cylinder becomes filled 
with flame, and ultimately the wires become red-hot. 
yet they radiate suflicient heat to keep the temperature 
of the wires below that required for the passage of 
flame through the meshes, and the lamp continues to 
burn with safety if kept in a still atmosphere. 

Stephenson's lamp, on the contrary, only admits air 



84 MINE VBNTII.ATIOK. f 13 

through a few meshes, the glass glohe preventing the 
entry of any air or gas from the sides : therefore only 
a small proportion of gas can enter the interior of the 



lamp : hence, never being filled with flame, the wires of 
the gauze remain uninjured. 

Upon these principles, various modifications have been 
made to these lamps, until they now number a hundred 



MINE VENTILATION. 



The Claunj' lamp consists of a cylinder of glass around 
the flame, and a wire-gauze top. A better light is pro- 
duced by this combination (Fig. 2). The figures show 
the different lamps, with permutation-lock capable of 



many thousand changes, so that no one but the fiie-boss 
can unlock the lamps. 

The Mueseler lamp, used in Belgium, has a glass 
cylinder for the light, and a gauze top (Fig. 4). There 
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is a copper chimney to carry off the smoke of the burner, 
and to force the air downward between the glass cylin- 
der and the chimney upon the flame of the burner, 
admitting the air through the gauze at the top. 

The Boty lamp has a glass cylinder with a gauze top, 
but the air is admitted through a perforated copper ring 
at the bottom of the lamp. 

The Eloin lamp has a glass cylinder, admitting air 
through wire gauze near the bottom of the lamp, which 
is thrown against the burner by a thin copper cap. No 
other air enters the lamp, and consequently it is easily 
extinguished. Many lamps are constructed to give in- 
creased light by using glass globes. The Hall lamp, 
with diaphoretic lens, is the most noteworthy, on 
account of its construction. 

The Williamson double safety-lamp is a Clanny and 
Boty lamp combined (Fig. 6). 

The illuminating power of the various lamps in most 
common use has been given as below; the standard 
being a wax candle, six to the pound : — 

Candle-power 

Davy lamp (gauze) • 8 

Stephenson, or Georgia 18^ 

Upton and Eoberts •••••••• 24^ 

Clanny (glass) ••••4} 

Parish (gauze) •••• >««e*2j 
Mueseler's (glass) ••••o««*d} 
4)avy (without gauze) • • •• • » • H 
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14. The South Shields Committee considered the 
Davy absolutely unsafe. 

Mr. Darlington came to the same conclusion, and in 
answer to the question, " Is it not a fact that dust 
will fly off in sparks, and that one spark would create 
an explosion ? " said, " There are very many instances 
of accidents taking place that we could attribute to 
nothing else." 

Experiments made by Mr. N. Wood at Killingworth 
Colliery, in 1853, to ascertain at what velocity the flame 
may be passed in an explosive mixture of fire-damp, 
were as follows: — 

Davy lamp when moving 13' per second. 

Clanny lamp went out at 17' per second. 

Boty lamp passed flame when moving at 15' per second. 

Hall lamp did not pass flame at 13' per second. 

Stephenson lamp was extinguished at less than 13' per second. 

Eloin lamp went out as soon as it was filled with gas. 

Upton and Eoberts lamp went out as soon as it was filled with gas. 

The Belgium Commission, appointed by the king in 
1868, observed, that " the Davy and Deputy lamps, 
when exposed for two minutes to an explosive mixture 
of air and lighting-gas, moving at a velocity of 4.264' 
per second, do not pass the flame through the gauze ; but, 
when the velocity reaches or surpasses 7.38', the explo- 
siou is always produced on the outside, save in cases of 
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extinction by asphyxia, caused by the admission of a 
large quantity of gas. It was also noticed that explo- 
sion takes place after from five to ten seconds when 
the velocity is 9.84', and after from two to five seconds 
when the speed is 19.68'. 

" With the Mueseler lamp, out of a one hundred and 
fifteen experiments, there were twenty-one cases of com- 
plete extinction at a velocity of 19.68' per second. 

" The Morison lamp was considered of very compli- 
cated construction, and as giving a very bad light in 
stagnant air. Out of eleven experiments at a velocity 
of 19.68' per second, these lamps caused neither exte- 
rior explosions, nor any inflammation of gas in the 
exterior cylinder. 

"Rapid currents of air are dangerous when their 
action manifests itself by the crushing of the flame 
upon the wicks : indeed, the relative security of the 
Mueseler lamp does not depend alone on the smallness 
of the section of the chimney at the top, or on its 
height, but rests essentially in the regularity of the 
draught." 

The North of England Institute of Mining Engi- 
neers, which has been so instrumental in the further- 
ance of mining knowledge, appointed a committee, who 
rendered in their report the following concerning the 
velocity at which the various lamps would explode : — 
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Perseoond 

Davy, without shield 8' 

Davy, with shield 12^ 

Claxmy • • • • 9^ 

Stephenson ^ 

Mueseler 8^ 

This rather conflicts with the Belgium Report, as 
they claim the Mueseler lamp passes flame as easily 
as the Davy. 

14 a. Fire-damp may be detected by the aid of a 
Davy or other safety-lamp. The following, taken from 
the Galloway Royal Society's Journal of 1876, gives the 
various appearances of the lamp-flame when brought 
in contact with air mixed with fire-damp: — 

"The wick of the lamp, having been carefully 
trimmed, was drawn down until the flame presented 
the appearance of a small blue hemisphere about one- 
eighth of an inch high, one-quarter inch diameter at 
the base, and having a conical speck of yellow in the 
middle near the top. 

"A mixture of 1 part of marsh-gas with 16 parts of 
air gave a voluminous waving, spindle-shaped blue cap 
38" high. 

" 1 part of marsh-gas with 18 parts of air gave a cap 
2" high, which burned more steadily. 

^ 1 part of marsh-gas with 20 parts of air gave a cap 
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l^g" high, with nearly parallel sides to about two-thirds 
of its height, and then tapered to a point at the top. 

"1 part of marsh-gas with 25 parts of air gave a 
conical cap from i to f" high. 

"1 part of marsh-gas with 30 parts of air gave a 
conical cap f^' high. 

"1 part of marsh-gas with 40 parts of air gave a 
conical cap i'^ high. 

"1 part of marsh-gas with 50 parts of air gave a 
faint cap i" high, the top having the appearance of 
having been broken off. 

"With 1 part of marsh-gas and 60 parts of air, it 
was hardly possible to distinguish any thing above the 
small oil-flame." 



CHAPTER IV. 



PHYSICAL PROPERTIES OP AIR IN MOTION. 

15. Wind is air in motion ; and, as air is matter, it 
is subject to the laws which govern matter. No particle 
of matter possesses within itself the power of changing 
its existing state of motion or rest. When a body is at 
rest, a force is required to put it in motion ; and, when 
once put in motion, it would continue to move on for- 
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ever if a force of some kind were not opposed to it to 
arrest its movement. This passive property of air is 
called its inertia, and may be defined as opposition 
to change, either from motion to rest, op vice versa. If 
the air, then, had no inertia, it would not require force 
to give it motion, nor could it require momentum. 
The sailing of ships, the windmill, the tornado, are 
familiar examples of the power of moving air, and, con- 
sequently, proofs of its inertia. In order to pass air 
through a mine, certain force must be expended ; and 
this force is what we are now about to examine. It 
involves a consideration of the resistances to be over- 
come, such as area of the airways, obstructions in the 
airways, and the friction against the walls or sides of 
the airways. When air travels the galleries of a mine, 
it rubs against all the exposed surfaces. This rubbing 
gives rise to the resistance called " friction." 

Friction of air in mines is so great, that, out of every 
ten parts of power employed for the ventilation of a 
mine, about nine of the ten are used in overcoming the 
resistai:ce to ventilation. As the air journeys through 
the mines from the downcast to the upcast, it not only 
meets the rubbing-surface, or sides, but often encoun- 
ters short turns, brattices, etc., which adds greatly to 
the total resistance to be overcome. 

In turning sharp corners, the air strikes square 
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against the face, and rebounds; thus hindering the 
progress of the air following, which, in turn, goes 
through the same operation, and hinders the air follow- 
ing it. It is. therefore preferable to have well-rounded 
bends of large radius, as they produce little resistance 
in comparison with elbows or square bends. The con- 
sideration of the movements of air in mines or confined 
passages involves its density, the area, length, and pe- 
rimeter of the airways, also tlie velocity with which the 
air travels. 

16. To find the perimeter of an airway, we must add 
together the boundin^-lines. The perimeter of a square 
airway 6' X 6' is therefore 6 + 6 -|- 6 -}- 6 = 24'. The 
perimeter of a circle is its circumference, and is 3.1416 
times its diameter: hence the perimeter of an airway 
six feet in diameter is 18.8496'. The sectional area of an 
airway is found by multiplying its height by its width. 
Thus the area of an airway 5' X 6' is ^0 square feet. 
The rubbing-surface is found by multiplying the perime- 
eter by the length of the airway. 

Problem. — What is the rubbing-surface of an airway 
600' long, with an area of 6' X 6' ? 

Solution. _ 6 -f 6 -f 6 -f 6 = 24'; then 24' X 600 = 
12,000 square feet. Arts. 

As friction increases according to the rubbing-surface. 
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SO will it increase or decrease according to the bounding- 
lines or perimeter of the airway. From this it becomes 
evident that the form which has the least perimeter 
will have the least rubbing-surface. Above, it was 
shown that a circular airway had less perimeter than 
a square airway of the same diameter; and hence, if 
the two airways have the same length, the circular will 
have less rubbing-surface. 

17. In large airways the friction will be less than in 
smaller airways the sum of whose areas 
are equal to the area of the large airway. 

Let us suppose an airway twelve feet g 
square in section: its area will be 144 
square feet, and its perimeter 12 -|- 12 
+ 12 -f 12 = 48'. 

Let us now take three smaller airways, two 6' X 6' in 
section, and one 6' X 12' in section. The aggregate areas 
of the three airways will be 36 -f- 36 + 72 = 144 square 
feet : the sum of the perimeters will be 24 -[- 24 -{- 36 
= 84'. Hence we see, that, while the large airway has 
the same area as the aggregated smaller airways, its 
perimeter is much smaller than the aggregate perime- 
ters of the lesser airways. 

IS. The force used to overcome the resistances 
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offered to the passage of air in mines is estimated in 
pounds to the square foot, and may be expressed as so 
much head of air, motive-column, or water-gauge. The 
motive-column has already been treated of, so our atten- 
tion may be given to the water-gauge. The water- 
gauge is an instrument used to measure the dynamic 
force of a current of air. It consists of a U-shaped 
tube of equal area throughout. The arms are about six 
inches long, provided with a scale divided into inches 
and fractional parts of an inch, so that the difference 
between the height of the water in one arm of the tube 
and that of the other may be measured. One arm is 
placed in connection with the air passing in the mine, 
while the other is open to the air away from the mine. 
The difference in water-level will indicate the drag, or 
the resistance to the air in the mine. In some gauges, 
oil is substituted for water. They are made in differ- 
ent shapes ; but the principle is the same in all. The 
weight of one cubic foot of water at 62° F. and 30" 
barometrical pressure is 62.32102 pounds avoirdupois : 
62.32102 -^ 1728 = 0.036 pound is the weight of one 
cubic inch of water. When the gauge measures one 
inch, the pressure is 0.036 X 144 = 5.184, or 5.2 pounds 
(nearly) to the square foot. 

Example. — Suppose a water-gauge read 0.4", what 
pressure would it indicate? 

0.036 X 0.4 X 144 = 2.0734 pounds to the square foot. 
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This gauge may be used to show the force of a cur- 
rent produced by a fan or by a furnace, and hence is 
very useful as a check to the furnace-man. As it tells 
the amount of resistance to the air in the air-courses, 
their state or condition may be inferred. If the pressure 
per square foot exerted by the motive-column be known, 
the height of the motive-column may be determined. 

Problem, — Suppose the temperature of the motive- 
column be 62° F., and the water-gauge reads 0.4'^ what 
is the length of such motive-column ? 

Solution. — 100 cubic feet of air at 62°, barometer 
30'', weigh 7.629 pounds. 1 cubic foot of air at 62°, 
barometer 30", weighs 0.07629 pounds. The pressure 
per square foot as indicated by 0.4" water-gauge is 
0.036 X 0.4 X 144 = 2.0736 pounds. Dividing the 
pressure per square foot by the weight of a cubic foot 

of air gives ' ^„^ = 27.28' as the length of the motive- 
^ 0.076 ^ 

column in feet. 

When the height of the motive-column is known, we 
may find the velocity of the air in feet per second 
which the motive-column will produce. 

Problem, — Suppose the motive-column be 27.26' in 
height, what velocity per second will it produce? A 
body falling, acted Xipon by gravity, would, according 
to Eq, 2, attain a velocity represented by 8.02v^; or 
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substituting t he val ue of A, which in this case is 27.26', 
we have 8.02V27.25 = 42' per second. 



TABLE rv. 

WATERp^AUGE. 







Length of mo- 






Preasnre in pounds 

per square foot. 

P= 0.036 X Tr.<?.xl44. 


tive-column in 


Velocity of the air in 


Water-gauge 
in inches. 


feet at 62* F. 

P 

0.0763- 


feet per second due 
to motive^cotumn. 
V= 8.02^ h. 


0.1 


0.5184 


6.79 


20.8921 


0.2 


1.0368 


13.58 


29.5938 


0.3 


1.5552 


20.37 


36.1702 


0.4 


2.0736 


27.16 


40.7416 


0.5 


2.5920 


33.95 


45.3130 


0.6 


3.1104 


40.74 


51.1676 


0.7 


3.6288 


47.53 


55.2578 


0.8 


4.1472 


54.32 


58.5460 


0.9 


4.6656 


61.11 


60.6262 


1.0 


5.1840 


67.90 


66.0046 


1.1 


5.7024 


74.69 


69.2928 


1.2 


6.2228 


81.48 


72.3404 


1.3 


6.7392 


88.27 


75.2376 


1.4 


7.2576 


95.0(5 


78.1950 


1.5 


7.7760 


101.85 


80.9218 


1.6 


8.2944 


108.64 


83.5684 


1.7 


8.8128 


115.4:^ 


86.0.546 


1.8 


9.3312 


122.22 


88.6210 


1.9 


9.8496 


129.01 


90.7062 


2.0 


10.3680 


1:^.80 


93.1122 


3.0 


15.5520 


203.70 


114.3652 


4.0 


20.7260 


271.60 


132.1696 


5.0 


25.9200 


339.50 


147.9690 • 


6.0 


31.1040 


407.40 


161.8436 


7.0 


36.2880 


475.30 


174.8360 
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Table IV. gives the comparative height of the water- 
gauge and air-column at a temperature of 62° F., with 
pressure in pounds per square foot, and the theoretical 
velocity of air due to this pressure. This table, it must 
be remembered, is only theoretically true, on account 
of the enormous power required to overcome friction 
to the passage of air in an airway: hence, in prac- 
tice, from ten to twenty times this amount of motive- 
column is required in order to produce the theoretical 
velocity. 

19. " Co-eflScient of friction " is a term used to repre- 
4ieut the constant resistance met with by air during its 
journey through the mine. This resistance must be 
overcome at each point, before the air can pass that 
point. It varies, of course, under different conditions; 
but, the smoother the rubbing-surface, the less will be 
this resistance. This co-efficient cannot be determined 
with any degree of certainty except by actual experi- 
ment ; and even then experimenters differ in the exact 
amount, because of the different conditions under which 
the experiments were made. Sir John Atkinson, after 
comparing the results of a number of experimenters, 
took an average between their results, and used, as 
the co-eflScient, 0.26881 feet of air-column of the same 
density as the flowing air. He appears to remain in 
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doubt whether the mere change of temperature does or 
does not affect the co-efl5cient of resistance. As it is 
now taken for granted that it is not influenced by change 
of temperature (although it probably is), we may, for 
a velocity of 1,000 cubic feet per minute, consider the 
friction equal to an air-column 0.26881 feet in height, of 
the same density as the flowing air. This air-column is 
equal to a pressure of 0.0217 pound per square foot of 
area of section with air at 32°. 

X 0.26881 = 0.0217 pound per square foot. 

When we consider the air-column, we may use the 
co-efficient 0.26881; afterwards, if we desire, we maj^ 
reduce the height of the air-column thus found to 
pounds per square foot, as above. 

We may shorten this work, however, by using 0.0217 
pound per square foot of area for every square foot of 
rubbing-surface exposed to the air-current, at a velocity 
of 1,000 feet per minute, or 0.0000000217 pound for a 
velocity of 1 foot per minute. 

We must also bear in mind, that, while we use h in 
the following formulas for the air-column which by its 
weight will produce pressure, we use 0.0217 to find the 
pressure, P, direct, considering all air in passing to have 
the same co-efl5cient, viz., 0.0217. 



§20. MIKE VENTILATION. 49 

Mr. Thomas and several other writers consider this 
co-efEcient as much too large: be that as it may, we 
can see at present no reason why it should be rejected, 
until the experiments already referred to approach 
more nearly to each other in their results. The co- 
efficients in practice can never be the same in different 
mines ; but they may approach each other by making 
the airways as smooth, and free from obstructions, as 
possible. 

PRESSURE. 

20. Some of the formulas relating to the friction 
of air in mines, adopted by Mr. Atkinson in his book 
on " Mine Ventilation," will be retained in this treatise, 
so that any one studying this book will better under- 
stand his method of reasoning. 

Let h = motive-column in feet. 

p = pressure per square foot due to weight of h, 

a = sectional area in square feet. 

Jc = co-efficient of friction = 0.0217 pounds per square 
foot of area of section for a velocity of 1000 
feet per minute with air at 32°. It is to be 
taken in the same terms or unit as p is taken in. 

8 = rubbing- surface. , 

'f s= the velocity of the air in thousandths of feet per 
minute, 1000 feet per minute being taken as 
the unit of velocity. 
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The total pressure is found by the formula 
(6) pa = kstr^ 

which, expressed in words, gives us the following rule : 
To find the total pressure due to the friction of air 
passing through an airway, multiply the co-efficient of 
friction by the rubbing-surface, and the product by the 
square of the velocity ; or, pressure being known, mul- 
tiply the pressure per square foot by the area of the 
airway. 

2L To find the pressure per square foot, 

ksv^ 



(7) j,= 



a 



divide the total pressure by the area of the airway. 

By the clearing of fractions, division, and other alge- 
braical operations, we may find formulas which corre- 
spond to rubbing-surface and velocity, and also find the 
co-efficient of friction. These formulas embrace only 
pressure due to friction, and not that due to the crea- 
tion of velocity: hence they will be more correct for 
long than for short airways. The symbols in these 
Formulas are so connected with each other, that, when 
a sufficient number of them are known, those unknown 
may be found. To show the application of these for- 
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mulas, suppose we have an airway 8' X 7', 2,000 fe,et 
long, with the air travelling at the rate of 15 feet per 
second through it. What is the resistance due to fric- 
tion, or the motive-column required to overcome friction 
in the airway ? 

a = 8 X 7 = 56 square feet. 
A: =0.26681. 

8= 8 + 8 + 7+7 = 30.x 2000 = 60000 square feet, 
v^ = 15 X 60 = 900' per minute, or 0.9 of 1000 feet per 
minute, which squared is equal 0.81. 

Substituting the numerical values of these symbols 
in (7), 

h = 0-26881 X 60000 X 0.81 ^ 233.288 feet 

56 

of air-column as the pressure required to overcome the 
friction, and produce circulation. Taking the air at 
62° F., one cubic foot, with the barometer at 30 inches, 
would weigh 0.0763 of a pound. If we now multiply this 
motive-column by the weight of a cubic foot of the air 
it is composed of, and divide the product by 5.2 pounds, 
— the pressure per square foot when the water-gauge 
is one inch, — we may find the water-gauge due to this 
pressure, and also the pressure on each square foot. 

0.0763 X 233.288 ^ ,„„ ^ 

^-5 = 3.42 water-gauge. 
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The pressure per square foot is 17.7 pounds. From 
this we may obtain a formula for water-gauge. 

ksv^ 

The same result may be obtained by multiplying the 
length of the motive-column by the weight of a cubic 
foot of air of the same density, thus obtaining the 
pressure direct without first finding the water-gauge. 

The quantity of air passing may be found by multi- 
plying the velocity in feet per minute by the area of 
airway in square feet, or 

(9) (2 = ,,a = - = ^Xa=t^=^Xa. 

The u in the last equation represents units of work, 
foot-pounds applied to circulate the air. 

(10) w=Qxi> = vpa = HP X 33000. 

The SP in the last formula stands for horse-power of 
ventilation. 

ni\ HP- ^ - ^ 
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• When we represent the length of an airway by Z, the 
rubbing-surface by «, the perimeter by (?, we have 



(12) 


8 B O X {. 


(13) 





(14) 


8 




CHAPTER V. 



THE LAWS AFFECTING AIE IN MINES. 

22. The laws affecting the circulation of air through 
mines or confined passages, such as gangways, etc., 
have been ascertained principally by such eminent men 
as Magnus, Regnault, Gay-Lussac, Daubisson, Peclet, 
and others, and are as follows : — 

1. The volume assumed by a given weight of air is 
inversely proportional to the pressure on each unit of 
surface under which it exists, so long as the tempera- 
ture remains unaltered. Consequently, if we take a 
cubic foot of air under a pressure of five pounds, it will 
only be one-half a cubic foot under a pressure of ten 



64 MINE VENTILATION. §22 

pounds, and one-tbird of a cubic foot under a pressure 
of fifteen pounds. 

2. Wben tbe pressure is constant, the volume is 
uniformly increased in tbe ratio of ^^^ part for each 
additional degree of beat, Fabrenheit's scale. 

3. When air is discharged through orifices offering 
no sensible frictional resistance, the result is sixty-five 
per cent of the quantity due to the velocity multiplied 
by the area in case of a thin plate ; ninety-three per 
cent in case of a short cylindrical tube ; and ninety-five 
per cent when the tube is conical, and the area taken 
from the small end. This contraction of the flowing 
air, which is similar to that which takes place when 
water is discharged through pipes under the same con- 
ditions, has the effect of reducing the quantity dis- 
charged in a given time below that which would be due 
CO the velocity, if it existed, over an area equal to that 
of the orifice or tube. This contraction of the flowing 
air is termed the " vena contracta." 

4. When air is impelled through a confined passage, 
the pressure or head of air-column required for its pro- 
pulsion is proportional to the square of the velocity; 
so that to double this velocity there must be four times 
the head ; to treble it, nine times the head ; etc. 

(a) Ventilating pressure, jo, or ("head of air," or 
** motive-column," reduced to pounds) total pressure, 
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pa or Aa, and ventilating power, P, are separate and 
distinct terms. Ventilating pressure, or simply pressure, 
is the force applied to each square foot of area of sec- 
tion to produce ventilation. That this pressure varies 
as the square of the velocity, as stated above, may be 
illustrated by the following : — 

Problem. — When a mine is passing 20,000 cubic feet 
of air per minute with a pressure of 2.6 pounds per 
square foot, as indicated by 0.5-inch water-gauge, what 
will be the pressure if the mine pass 40,000 cubic feet 
per minute? This principle may be resolved simply 
into finding a fourth proportional ; thus, — 

v2:(2F)'::i>:? 
(20000)2: (40000)2 ::jp:? 

(2)2 : (4)2 :: 2.6 : 10.4 pounds. Ana. 

(6) The total pressure is the ventilating pressure, jt?, 
multiplied by the area of section a of the airway in 
square feet. Thus, if the sectional area of the above 
airway were 64 square feet, and the pressure 0.5-inch 
water-gauge, the total pressure would be j[?a = 64 X 
2.6 = 166.4 pounds. 

(c) Ventilating power is power used to obtain ven- 
tilating pressure. This power, P, varies as the cube of 
the velocity of the air-current. By this we mean, that, 
if we can circulate a quantity of air with 2 J2P, we 
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must use 8 BP if we wish to circulate a double quan- 
tity. This, as can be readily seen, is a very important 
factor in fiery mines ; as the engine working the fan or 
the furnace may be called upon at any time to do 
double and maybe threefold duty, in case blowers 
or barometrical differences allow an unusual amount of 
gas to be given off. 

Problem. — Suppose we have 20,000 cubic feet of air 
passing with a water-gauge of 0.5 inches, equal to a 
pressure of 2,6 pounds per square foot, what will be the 
ventilating power, P, if we double the ventilation ? 

Solution. — 20,000 X 2.6 = units of work ^ 52,000 
foot-pounds. As there are 33,000 foot-pounds in 1-horse 
power, we have 



52000 _ 
"" 33000" 



1.576 HP. 



Again: from 22 (a) we find that to double the quantity 
we must employ four times the pressure : hence 

P = 40000 X 2.6 X 4 = 416000 foot-pounds = « 
and 

^^ 33000 '^ -33000 = ^^"^"^ ^ 

ght times the power in the lirst ease. 

In airways of the same sectional area, the pressure 
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required to propel air is proportional to the length of 
the passage, or, in other words, there must be double 
pressure^for double distance. 

Problem. — Suppose we have an airway 2,000 feet 
long, and another 4,000 feet long, of the same area; 
the pressure being 2.6 pounds per square foot in the 
shorter. What will be the pressure necessary to over- 
come the resistance in the longer airway ? 

2000: 4000:: 2.6:? 

1:2:: 2.6 : 5.2 pounds. Aas. 

6. The pressure required to propel air through con- 
fined passages is proportional to the perimeter of the 
passages; the length and other data remaining con- 
stant. Thus, if we have_ an airway 4 feet square, and 
another 8 feet square, with a pressure of 2.6 pounds 
per square foot for the 4-foot airway, we shall have 
5.2 pounds for the 8-foot airway, or 

1:2:: 2.6: 5.2. An8. 

7. The pressure required on each unit of surface, 
square inch or square foot, to propel air through a con- 
fined passage, is inversely proportional to the sectional 
area of the passage, when all other things are equal ; 
so that, the greater the area exposed to the pressure, 
the lesa is the amount of pressure required for each 
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unit of surface. This is of great importance in venti- 
lation, as it allows of a greater quantity of air passing 
with the expenditure of less power than a»y other 
means known. This principle is the one upon which 
the splitting of air is reasoned. In the case of the 
eight-foot and four- foot passages in (6), while the former 
required double the amount of pressure for its double- 
sized perimeter, that pressure would propel four times 
the quantity : otherwise the same expenditure of power 
on air in a four-foot passage would propel double the 
quantity it would force through a two-foot passage, 
or an equal quantity would be propelled by half the 
power. The entire mass of moving air in an airway 
may be considered as a column of water passing through 
a pipe, exposing a certain amount of surface to resist- 
ance, and hence requiring a fixed amount of pressure 
acting upon its sectional area to overcome such resist- 
ance when the velocity is constant: therefore, the 
greater the area of section, the less the amount of 
pressure requisite for each individual unit of such area 
in order to make up the gross amount of such pressure 
required. The steam-exigine piston will require less 
pressure per square inch to produce a given force as 
the area of the piston is greater, and vice versa. Taking 
the areas given in (6), we have the following propor- 
tion : — 

64: 16:: 2.6: 0.65. Jna. 
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8. The pressure required to overcome the frictional 
resistances encountered by air in passing through a con- 
fined passage has been found to vary with the nature 
of the material composing the inner surface of the air- 
way to which the moving air is exposed in its route, 
as well as the mechanical state of its surface : in other 
words, the smoother the rubbing-surface, the less the 
resistance. 



CHAPTER VI. 



LAWS AFFECTING THE MOVEMENT OF AIR IN MINES, 

CONTINUED. 

23. 1. In airways of the same sectional area, and 
which only differ in length, " the volume and velocity 
of air-currents are inversely proportional to the square 
roots of the lengths." 

Problem. — When an airway 4' X 5' area, and length 
of 4,000 feet, passes 20,000 cubic feet of air per minute, 
what will another airway 1,000 feet in length, with the 
same area and pressure, pass? 



VlOOO : V4000 : : 20000 : x 

Vl : Vi :: 20000 : 40000 cubic feet. Ana. 
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Again : the velocity in the second airway will be 

I / 20000 

Vl000:V4000::^^:aj 

that is 

vT:Vi::1000:a?, 

or 

1:2:: 1000 : 2000' per minute. Ana. 

That is, the volume and velocity in the 1,000-foot air- 
way are twice the volume and velocity in the 4,000-foot 
airway. 

2. The volume passing through airways of similar 
form but unequal size will be greater as the area of 
section is greater, other data being the same ; or, the 
pressure and other data remaining constant, the quan- 
tity will be directly proportional to the areas : — 

a: AiiviV- 

3. The volume passing, when areas and other data 
are equal, is inversely proportional to the perimeter 
of the sections of the airways. The circle passes the 
greater quantity of two airways, one of which is a 
square with a side equal to the diameter of the circle. 

(See § 16.) 

4. The quantity or volume of air passing through an 
airway varies as the square root of the rubbing-surface. 
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5. Friction diminishes in proportion to the square 
root of the velocity, and increases according to the 
square of the velocity ; i.e., friction varies as the square 
of the velocity. 

6. Pressures are proportional to the squares, and the 
powers are proportional to the cubes, of the quantities 
of air passing through airways. 

7. The quantity of air passing through airways of 
different areas, other things being equal, is according 
to the square root of the area multiplied by the area. 

PROBLEMS TO ILLUSTRATE THE FOREGOING LAWS. 

24. (a) If 20,000 cubic feet of air can be produced 
in an airway of 60 feet area with a certain pressure, 
how much air will the same pressure produce in an 
airway of 30 feet area? 

Assume the perimeters to be 82 feet for 60-foot air- 
way, and 22 feet for 30-foot airway. Had the relation- 
ship which existed between the perimeter and the area 
of the larger airway been maintained in the smaller 
airway, then the quantity of air flowing through the 
latter would be directly proportional to its area (2), 
pressure, etc., remaining constant. That is to say, the 
ratio of the area to the perimeter of the larger airway is 
as 60 to 32. In the smaller airway we have one-half the 
area; and, had the smaller perimeter been one-half 



62 MIKE VENTILATION. §24 

the larger, then the ratio would have been unaltered, 
and the quantity of air would have been one-half 
also (3). But, instead of the smaller perimeter being 
16 feet, it is 22 feet. Now, the problem resolves itself 
simply into finding a fourth proportional ; and, bearing 
in mind (4) that the quantity varies inversely as the 
square root of the rubbing-surface, we have, 

\/22 : \^ :: 10000 cubic feet : x 
.«. X =8528 cubic feet per minute. -4ns. 

In the above calculation the length of the airway 
is taken as unity ; because any given length will be 
a factor common to both terms of the first ratio, and 
hence may be eliminated. 

To prove this method of reasoning, we may work it 
out according to Atkinson's method : — 

Taking the length of both airways as 1,000 feet, we 
have, for the larger, 

8 = 32000 square feet. 

. = ?222? = 0.333 
60 

in thousandths of feet per minute. Substituting in 

formula (7) 

^ ^2 _ 0.26881 X 32000 x (0.3 X 0.3) 

""T"" 60 

= 15.9295' of air-column. 
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For the smaller airway, 

8 = 20000, 
and 

^ 15.9295 X 30 ^ 477^ ^ 

0.26881 X 20000 5913.82 

.-. V = VO. 0808082 X 1000 = 284.27 feet per minute ; 

and, as the quantity passing is found by (9), § 21, we 
have 284.27' X 30 = 8628 cubic feet per minute. 

Problem (J). — Suppose, now, we take two airways 
whose lengths are each 35 units, and which have the 
same area; the quantity of air passing through each 
being 9,000 cubic feet. What will each circulate of the 
total amount, if their lengths be in the ratio of 8 to 4 ? 

Solution. — From (1) and (4), §23, we deduce two 
proportions, — one for the longer, and one for the shorter 
airway. Now, if these airways were in the ratio of 3 
to 4 in length, then one would be 30 units and the 
other 40 units in length, and the quantities of air which 
would flow through them under the same conditions 
may be computed thus : — 

For the longer airway 

^40:^35:: 900020? 
or 

V8: V7::9000:« 
and 

8 : V56 : : 9000 : 8418. Ana. 
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For the shorter airway 

^30:^35:: 9000 : aj, or v'e : ^ :: 9000 : m 
and hence 

6 : V^42 :: 9000 : 9721 cubic feet. Am. 
Total, 

8418 + 9721 = 18139 cubic feet. 

Proof; 

V^ : V'i :: 8418 : 9721 

^:V3:: 9721: 8418. 

((?) Suppose we have two airways of the same sec- 
tional areas and lengths, each passing 9,000 cubic feet 
as before. Suppose each to have 4 units of lengths. If 
one of these airways be shortened to unity, it will have 
but i the rubbing-surface of its former length ; and the 
volume of air will be, according to (1), found thus : — 

V^:V4:: 9000: 18000. 

Again: let the length of one of the airways be in- 
creased fourfold, then the volume of air will have four 
times the rubbing-surface, and by (4) we have 

\/l6 : VJ :: 9000 : 4500. 

(The above illustrates in a striking manner the e£Fect 
that rubbing-surface has of diminishing the flow of air 
through a gallery.) 
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The total volume will be 22,500 cubic feet ; and, not- 
withstanding the rubbing-surface is more than doubled, 
the volume is only increased by twenty-five per cent. 
The pressure required to circulate the air under each 
set of conditions is precisely the same ; for the smaller 
rubbing-surface multiplied by the square of the highest 
velocity is equal to the greater rubbing-surface mul- 
tiplied by the square of the lower velocity; thus 

(^y X 4 = 20250Q, and (^Y X 16 = 202500, and 

f I X 1 = 202500, if we assume the areas of the 

above to be 40 square feet. 

That the pressure remains the same may be shown 
by Atkinson's method : — 

Let the above unit of length be assumed as 100 feet, 
then equal airways are 400 feet in length ; and, if we 
assume the area and perimeter to be respectively 25 
and 20 feet, we may find the pressure, thus : — 

... , 0.26881 X 400 X 20 X 0.1296 ,, ..^.. , , 

(1) ti = ~ = 11.148 ft. head. 

(2) , ^ 0.26881 X 100 X 20 X 0.5184 ^ ^^^^^ ^^ ^^ 

25 

.^. , 0.26881 X 1600 X 20 X 0.0324 ., -.^^ , ^ 
(6) h = — = 11.148 ft. head 
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((f) If, through two airways 6 feet square, 9,000 
cubic feet of air flow per minute, and one of them be 
altered in section to a circle (its area being unaltered), 
then the quantity of air circulating may be computed, 
thus : — 

V21.27 : V^ :: 9000 : 9560. Ans. 

The volume flowing through both airways would now 
be 18,560 cubic feet ; but, in the event of this quantity 
being reduced to 18,000 cubic feet, the circular airway 
would have more flowing through it than the other. 

(^) What volume of air would flow through an air- 
way 5 feet square, if 6,000 cubic feet flow through an 
airway 10 feet square, the pressure and length being 
the same ? 

Solution. — The volume varies as the square root of 
the rubbing-surface (§ 23, 4), and directly as the area 
(§ 23, 2) : hence we have a compound proportion, 

VIo : V^ ^^^^ 
' ^ ' ^::6000:aj 
100: 25 

or 

\^ X 25 X 6000 ^^^^ .... . 

X = 7=x r;:: — ^ =1061 cubic feet. Ans. 

V40 X 100 

It may be reasoned thus: as the area was reduced one- 
fourth, the resulting volume would be one-fourth also. 
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namely, 1,500 cubic feet ; but, instead of the perimeter 
being reduced to one-fourth, that is, 10 feet, it is only 
reduced to 20 feet. The volume may now be found, 
thus: — 

V20:V^::1500:» 
or 

^ : ^ : : 1500 : 1061 cubic feet. Ana. 

(K) Suppose we have a pressure equivalent to 40 -HP, 
giving a circulation of 120,000 cubic feet per minute : 
what quantity will a pressure equivalent to 32 HP 
give ? From § 28, 6, we have 

yiO : V32 : : 120000 : 111398 cu. ft. per minute. Ans. 

Proof. (111398)« : (120000)8 :: 32 : 40. Ana. 

{i) Suppose we have a pressure equivalent to 32 
pounds per square foot, circulating 107,350 cubic feet 
per minute, what pressure will circulate 120,000 cubic 
feet? 

Solution. . (107350)2 : (120000)2 : : 32 : 40. Ans. 

Proof. V40 : V32 :: 120000 : 107350. Ans. 

25. From the proof of the last problem we see that 
air may be measured by the pressure, or, what amounts 
to the same, the water-gauge, and we can say the quan- 
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tity of air passing in a mine is according to the square 
root of the water-gauge. 

Problem, — Suppose we have 80,000 cubic feet of air 
passing when the water-gauge is 1.6 inches, what quan- 
tity will pass with 2.5 inches of water-gauge ? 



or 



^n6:V^::80000:» 



1.2649 : 1.5811 : : 30000 : 37500 (nearly) cubic feet. 



TABLE V. 

SQUARE ROOT OP WATBR-OAUGB. 



W.G, 


4w,o, 


W.G, 


^W.G, 


W,Q. 


^W.G. 


0.1 


0.3162 


1.2 


1.0964 


2.3 


1.5165 


0.2 


0.4474 


1.3 


1.1401 


2.4 


1.5491 


0.3 


0.5477 


1.4 


1.1832 


2.5 


1.5811 


0.4 


0.6324 


1.5 


1.2247 


2.6 


1.6144 


0.5 


0.7071 


1.6 


1.2649 


2.7 


1.6431 


0.6 


0.7745 


1.7 


1.3038 


2.8 


1.6733 


0.7 


0.8366 


1.8 


1.3416 


2.9 


1.7029 


0.8 


0.8944 


1.9 


1.3784 


3.0 


1.7320 


0.9 


0.9486 


2.0 


1.4142 


3.5 


1.8460 


1.0 


1.0000 


2.1 


1.4491 


4.0- 


2.0000 


1.1 


1.0488 


2.2 


1.4832 


4.5 


2.1213 
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CHAPTER VII. 

VENTILATION OP SINGLE PITS OB DRIFTS. 

26. During the sinking of shafts, or driving of drifts, 
the ventilation is caused by the diffusion of gases, and 
by the temperature of the atmosphere or outer air and 
that of the mine. It can hence only be temporary, 
becoming insufficient as soon as certain variable and 
often very small depth is attained, unless recourse be 
had to some other means. The simplest mode of 
attaining this end consists in dividing the pit by a 
wooden brattice, so that the warm air may ascend one 
side, while the cool air will descend the other. If 
this does not produce circulation, it can generally be 
attained by connecting one side of the brattice with 
a high chimney, which, by establishing a difference 
between the levels of the orifices, causes a natural 
circulation of air. If compressed air or steam be used 
for drills, or if pumps be suspended in the pit, the 
chimney will be unnecessary. A fire may be placed at 
the bottom of the pit to warm the air on one side the 
brattice, or a small hand centrifugal fan be employed 
to advantage. In drifts, the brattice is placed parallel 
to the axis, and disposed in a horizontal or vertical 
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plane as better suits the case. When placed in the 
vertical plane, one of the compartments may be used 
%s a tramway and intake for the air : the other, corn- 
municating with the upcast pit, is used entirely as a 
return. When a horizontal brattice is used, it may be 
at the feet or head of the workmen. 

In this case the brattice is used to facilitate the 
ventilation of drifts, and also the driving and sink- 
ing of internal drifts, by putting the airway one side 
of the brattice in communication with the downcast. 
Within the last fifteen years, miners have superseded 
this method, wherever practicable, by "brattice-cloth" 
nailed to a series of props. The cloth is made imperme- 
able to the air by being covered with tar, or dipped in a 
solution of soda silicate. Treated in the latter manner, 
it is rendered incombustible, as well as impermeable to 
the air. Brattice-cloth is only used to secure temporary 
entilation, and should never be permitted, except at 
e face, or where it is subjected to constant scrutiny, as 
may decay ; and inattention to its repair or renewal 
ght cause serious accidents. Another method of 
iducting air into drifts is by a continuous wooden 
c. This box may be placed in any position where 
jrill be out of the way, with one of its extremities 
lected with a chimney, if it be driven from the day ; 
'th the return airway, if the sinking or drift be 
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made in the mine. Air-boxes, whose use is consistent 
with economy, if of a great length, will not supply 
sufficient volume of air, owing to the great absorption 
of the " motive-column " by friction. Tubes are made 
of other materials than wood, such as zinc, canvas, and 
paper ; but they have never come into great demand. 
These air-boxes or tubes may be used to convey fresh 
air to the face of the workings, or return the foul air. 
It is preferable to employ them for the first method, 
rather than for the second; for more air is thrown 
upon the face of the workings, because, when suction 
is employed, the air will leak through the box before 
it reaches the mouth of the box at the upcast, also the 
contraction of the air-vein at the entry of the box must 
be greater in the suction than in the forcing principle. 

Again : the air will be purer when delivered to the 
face fresh from the day, for by suction it must neces- 
sarily bring to the face gases and foul air met with 
along its route. It is also evident that the diffusion of 
fire-damp by the mechanical action of the air will be 
better by the forcing-system. When the excavation 
has attained the extreme point where air-boxes and 
brattice act with sufficiency, we must replace these 
modes of ventilation (purely temporary) by other more 
perfect means, and, above all, not employ air-boxes in 
order to drive winning-places, because the ventilation 
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would be insufficient, owing to the length which would 
be required ; and impure air would injure the miner's 
health. 

Again: should an explosion take place, the boxes 
would be destroyed, ventilation stopped, and the after- 
damp would spread through the workings, and cut off 
all chance of escape to the uninjured, and all hope of 
relief to the injured. As soon as the shaft wins the 
coal, it should be connected with a neighboring shaft, 
so as to produce a regular and continuous circulation 
of air. This is usually effiected by driving two ways, 
forming a single conduit with two sides of the pit, so 
that the air must pass around the face of the drift. 
Sometimes a single drift is driven, divided by a brattice ; 
sometimes two parallel drifts, separated by a wall of 
coal, cut through or holed at equal distances by cross- 
drifts or stentings, which are afterwards closed up, only 
leaving the one nearest the face open. After communi- 
cation is made, the brattice should be removed. 

MINES WITH TWO ORIFICES. 

27. A colliery, which, over a small area, has many 
openings to the day of great sectional area but of little 
length, requires little or no mechanical ventilation. 
When the pits are less numerous, and the galleries are 
longer, we should exercise great care in the distribution 
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of the air-current. Formerly all the galleries were 
united so as to form one long and sinuous airway, of 
which each extremity emptied into the atmosphere 
directly, or into the pits. The air descended one of 
these, traversing its whole length, and finally ascended 
the upcast shaft. Places were stowed, and doors erect- 
ed, so as to direct the air-current at various places. The 
mconveniences of this system arose from the length of 
the air-course, which became so much more as the mine 
developed, and which by the friction diminished the 
volume of air. The current in some part of the mine 
is pretty sure to meet with gases of some nature or 
other, so that, if they be mephitic, the air will pass over 
the workmen in the return, and injure their health; 
and, if the air has acquired sufficient inflammable gas, 
the same workmen may explode it with their lamps. 
In two collieries alone, where this system of ventilation 
was adopted (Lundhill and Risca), three hundred and 
twenty-nine lives were lost. The tendency of a current 
of air is naturally to choose, in passing from point to 
pointy the nearest route, and that which has the largest 
section. If allowed to pursue its own course, the air 
will not always be renewed in galleries which require it. 

2& To overcome this difficulty, doors and regulators 
are employed ; the former to conduct the air where it 
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is needed, the latter to cause a diminution of the vol- 
ume of air in certain portions of the mine where only 
a portion of the current is needed. Should permanent 
stoppings be required for old ways or abandoned pas- 
sages, they may consist of solid masonry, tightly stowed, 
so as to leave no passage for a single thread of air : on 
the contrary, they must be movable if the trams and 
men pass along the gallery. For this purpose, recourse 
is had to doors, which are usually placed in pairs, but 
so far apart that one may be shut before the other is 
opened. Regulators are employed to prevent more 
than a required quantity of air from passing into 
certain districts, and to cause the excess to pass into 
other parts of the mine. They are simply sliding- 
doors, whose open area may be increased or diminished 
as required by circumstances, and which can be locked 
fast at any area, the key, of course, being retained by 
the boss. 

(a) To illustrate these regulators, let us assume an 
airway 5' X 5' passing 10,000 cubic feet of air per min- 
ute : a regulator is put in, which contracts it to 20-foot 
area. Find the quantity of air that will pass, power 
and pressure remaining the same. 

From § 23, 5, we find that " the resistance increases 
as the square of the velocity of the air-current," also 
we know that sudden contraction of an airway Mrill 
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cause diminution of the discharge ; then, according to 
§ 23, 7, we have 

^ X 25 : V^20 X 20 : : 10000 : 7152 cubic feet. Ans. 

(6) As we have regulated the discharge, and dimin- 
ished the quantity, we may increase the discharge by 
enlarging the airway. 

Problem. — What volume of air would flow through 
an airway 10 feet square, when 6,000 cubic feet per 
minute flow through an airway 6 feet square, the press- 
ure and length being the same ? 

^'^ ^AAA V^ X 100 X 6000 „„Q.^ . 

\^ I /x/x •• 6000 : a?, or = = 33840. Ans. 

25 : 100 ^^20 x 25 

In the above case the area was enlarged four times. 
The resulting volume would have been increased four 
times also, viz., 24,000 cubic feet, had it not been that 
the perimeter only increased to 40 feet instead of four 
times its former size, or 80 feet. The volume may be 
found thus : — 



80 : V^ : : 24000 : 33840 cubic feet. Ans. 



> 1 
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CHAPTER Vm. 

SPLITTING THE AIR-CURRENT. — BTJDDLE'S METHOD. 

29. The splitting of the air-current of a mine, when 
not carried to extremes, is very advantageous, as it 
secures a greater volume of air at the expense of the 
same motive-power. The different divisions of a mine 
are never equally developed; and, if proper care 'be not 
taken, districts requiring the most air will receive only 
a small portion, while other districts requiring but little 
will receive large quantities. Common sense suggests, 
that, of two developed districts of a mine, the more 
developed of the two should receive the larger quantity 
of air : the air should therefore be distributed in a sys- 
tematic manner, basing the quantities for each district 
on to the number of bends, extent of rubbing-surface, 
and other resistances. This aim is attained, as men- 
tioned above, by the "sliding shutter," which, being 
placed so as to admit a small volume of air, causes 
whatever excess there may be to pass into other parts 
of the mine where the air is more needed. 

It may happen that a " blower " of gas is met with, 
which renders the air explosive in its district. When 
it is perceived, the regulators should be immediately 
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opened, and a greater circulation produced, in order to 
carry away the inflammable gas. During this time 
work in the other districts need not necessarily be 
stopped, unless it is found necessary to pass the whole 
current through the dangerous district. 

If the gases be given off in such quantities that an 
explosion takes place before the miner perceives the 
explosive state of the air, the workmen in the other 
districts will be protected from the flame of the ex- 
plosion, and the "after-damp" will only momentarily 
check the current; and, if the return airways are of 
large sectional area and no great length, the current 
will scarcely be interrupted, save, perhaps, in the dis- 
trict where the explosion occurred, the doors and regu- 
lators of which have been destroyed. Where gas is 
given off at several points in a mine, ventilated by a 
single current, the aggregate amount may be suffi- 
cient to render the current explosive, and cause an ac- 
cident. 

30l Either to increase the ventilating pressure, or to 
lessen the extent of rubbing-surface exposed to the air 
circulating in mines, is a very slow and costly manner 
of increasing the amount of ventilation; but by judi- 
ciously dividing the current, and leading it into several 
airways, the circulation will be much more active than 
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if only one continuous current were used. Let us, as 
an illustration, assume a mine divided into four equally 
developed districts of the same area ; and also the same 
mine arranged so as to form one continuous airway, 
whose length will be four times greater than that of 
one of the districts. Let a = area, p = perimeter, 
I = length, and Q = quantity of air circulating; then 
we have, as the value of the friction of the air, 

a a a^ 

multiplied by a co-efficient to be determined by experi- 
ment. In the first case, the airways may be considered 
as a single airway, with a length Z, a section 4a, and a 
perimeter 4p ; the equation then becomes 



4a 16a^ 

Secondly, the area and perimeter being a and p^ the 
length will be 4?, whose " drag " or resistances due to 
friction, are expressed by 

(b) '-^ X % 

On dividing equation (a) by (b) we find (b) is ^ 
of equation (a), i.e., the friction of (a) is ^^ that of 
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(b) ; or we may say "that the resistance to the motion 
of the air in a mine requires in a single current a 
motive-force sixty-four times greater than when the 
air is divided into four currents of the same sectional 
area and aggregate length. 

The same is true for bends and contractions that 
require a motive-force equal to the square of the vol- 
ume of air circulating in each district. Thus, in the 

first case, the volume of air was ^, the motive-force 

4 

C^ 
required to overcome this resistance w X ^^ ; w being 

16 

a numerical co-efficient depending upon the number of 

bends or strictures. 

In the second case, the volume Q must be multiplied 

by a co-efficient, which, owing to the quadruple length 

of the airway, must be equal to the sum of the four 

co-efficients of each district, or 4mQ^j a value sixty-four 

times the first. 

3L By splitting the air-current, or leading it off from 
the downcast into the different districts to be venti- 
lated, we have two decided advantages over the old 
method. In the first place, we obtain purer air for each 
district ; for each split takes its fresh air directly from 
the downcast. 
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In the next place, we obtain more air by decreasing 
the velocity. As the friction increases as the square 
of the velocity, we lessen the friction by lessening the 
velocity, and using the same power : we also decrease 
the cost of ventilation more than by any known means 
as yet. Were it not for the resistances of the shafts, 
the results of splitting the air would be easily calcu- 
lated. 

Problem. — To show the eflfect of splitting, without 
considering the shaft resistances: suppose we have a 
mine circulating 18,000 cubic feet per minute, and that 
the area of the gallery is 25 feet, the length 1,000 feet. 
What amount of air will circulate when the current is 
split into two, three, four, and five equal divisions, the 
pressure remaining constant ? 

The effect of splitting into two, three, four, and five 
equal air-courses will be to double, treble, etc., the areas 
without altering the rubbing-surface, because the area 
after splitting is two, three, etc., times that of the ori- 
ginal airway, although the rubbing-surface remains the 
same ; and as the quantity may be found by the formula 

(X) «=v^x« 

we may substitute the values of the symbols, and find 
the quantities of the various splits under consideration. 
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Since, however, in the above formula, j9, i, and s remain 
constant, and a varies, we may simplify the work by 
eliminating them, and use ^ x a = q^ which corre- 
sponds to one of our former laws ; viz., " that the rela- 
tive quantities will be according to the square root of 
the area multiplied by the area, and then multiplied by 
the original quantity flowing through the mine." The 
pressure may be found thus : — 

ksv^ 0.0217 X 20000 x (0.72)2 
p= = ^ ^^ ^ = 8.999 pounds. 

Using now formula (x) 



= v/^ 



9 X 50 
g=V o.0000000217x 20000 ^ 50 = 50910 



= V^ 



* - V 0.000000021 7 X 20000 ^ 75-93526 



= V^ 



9 = V o.0000000217"x 20000 ^ ''' = ''^"^ 



= V^ 



? = V 0.0000Q0?2lf X 20000 ^ ^^5 = 200070. 

The question may be worked, without reference to 
the actual dimensions of the areas and rubbing-surfaces, 
thu? : — 
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V^ X 1 : V2 X 2 :: 18000 : 50910 
VT X 1 : V3 X 3 :: 18000 : 93528 
Vl X 1 : ^ X 4 :: 18000 : 144000 
Vl X 1 : V^ X 5 :: 18000 : 200070. 

The difference between the two calculations is owin^ 
to the treatment of the decimals, and assuming the 
pressure more than it really is. 

(6) There is a difference between splitting the air, 
and adding an air-course of the same length and area. 
In the above example the area was doubled while the 
length remained unchanged ; but, if we were to add an 
air-course of the same length and area, we would double 
the rubbing-surface and the area. In fact, we cannot 
call such an arrangement a split ; for, if both received 
an equal volume of air, they would both have the same 
pressure ; but that pressure would only be a small part 
of what it was in the above example, first case, on 
account of the increased area: therefore, instead of 
increasing the quantity of air, we diminish it. 

To illustrate this let a = 25 feet, a = 24,000 feet in 
an airway passing 15,000 cubic feet per minute: add 
an airway of the same length and area, what quantity 
will flow through each? Ans. 22,900 cubic feet. 

The units of power necessary to circulate the above 
quantity may be found by multiplying the pressure by 
the quantity of air circulating per minute. 
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2jo/y2 

(z) u = X Q = ^ X Q. 

a 

With an additional airway of the same length, a and 
B will be doubled ; and, as the velocity decreases as the 
cube root of the power, we have the formula 

to obtain the quantity of air in cubic feet circulating 
per minute. 

' (<?) When we have splits of different lengths, and 
wish to know the size of regulators so as to allow the 
same quantity of air to each division, we may find them 
when we know the size of the first regulator. 

Problem, — Suppose we have five different splits in 
a mine, 200, 800, 400, 700, and 800 yards long respec- 
tively, and the regulator placed at the entrance of tlie 
200 yards' airway be 9 square feet. What will be 
the area of the other regulators so as to allow the same 
quantity of air to each split ? 



^300-^^200= 1.22404. 
^400 -^ V200 = 1.41421. 
\^700 -5- V200 = 1.87083. 
V§00 -«- v^200 = 2.00000. 
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This gives us the rate at which the friction increases 
when compared with the first regulator ; and hence, if 
we multiply each of the above quotients by 9 respec- 
tively, it will give us the area of the required regula- 
tors, thus: — 

1.22404 X 9 = 11.0' 
1.41421 X 9 = 12.7' 
1.87083 X 9 = le.S' 
2.00000 X 9 = 18'. 

(rf) Again : if we wish to divide a given quantity of 
air so that it will be distributed, as it is needed, into 
unequal quantities in different divisions of the mine, 
we may do so in the following simple manner. 

Problem. — Suppose we have 50,000 cubic feet of air 
to be distributed in five divisions, each to obtain respec- 
tively 15,000, 12,000, 10,000, 7,000, and 6,000 cubic feet 
per minute, to travel at a velocity of 5 feet per second ; 
which velocity is sufficient to render any discharge of 
fire-damp harmless, unless it happens to be a very excep- 
tional case. 

Taking the first case as an example, 15,000 cubic feet 
to be distributed at a velocity of 5 feet per second, 

6' X 60 = 800' per minute, ^JS^ = 50 feet area, and 

V^50 = 7.07 feet, size of the regulator necessary fo7 
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the first split. Proceeding in the same manner, the 
regulators to admit the above quantities of air may be 
found. 

32. Airways are seldom of the same area in the same 
mine, but are subject to the same pressure in ventila- 
tion ; and, as each airway takes up its part of the press- 
ure to overcome the resistances which the air encounters 
while passing through it, we may find the pressure 
necessary to overcome the resistances of the whole mine 
by adding the several pressures, or the pressure for each 
airway, together. If a mine be ventilated by a number 
of airways of different areas and lengths, they must all 
be consideried as subject to one common pressure, and 
the quantity of air passing in each may be found by the 
formula. 




This is derived from the formula q = \%r ^ ^» ^^ which 

k and p are common factors for each airway, and hence 
need not be considered. 

Problem. — Suppose we have three airways, -4, -B, 
and (7. A has an area of 30 square feet, and a rubbing- 
surface of 66,000 feet. B has an area of 86 square feet, 
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and a rubbing-surface of 96,000 feet, G has an area o{ 
25 square feet, and a rubbingnsurface of 40,000 feet. 
What quantity of air will pass along each, if the total 
quantity passing be 60,000 cubic feet per minute ? 

For the sake of brevity, the rubbing-surfaces may be 
reduced to the lowest whole numbers, and still remain 
in the same proportion to each other by dividing by 
2,000; then 

^ = Vp X 30 = 28.602 

5 = V/|| X 36 = 31.176 

O = \/p X 25 = 27.950 

Total • . . 87.728 

The proportional part passing in each airway may 
now be found from the simple proportions : -^ 

A = 87.728 : 28.602 :: 50000 : 16301.5 cubic feet. 
B = 87.728 : 31.176 :: 50000 : 17768.5 cubic feet. 
C = 87.728 : 27.950 :: 50000 : 15930.0 cubic feet. 

33. Find the quantity of air which will pass through 
a mine of the dimensions as given in the following table, 
with a total pressure of six pounds per square foot. 
In this case, the upcast and downcast shafts are given. 
A^ 5, (7, and 2> are splits, subject to the same pressure. 
We may assume any quantity of air we please — say, 
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50,000 cubic feet — to pass through each division, and 
then find the actual quantity which will pass under 
six pounds' pressure. 

Before we can do this, however, we must calculate 
the pressure for the circulation of 50,000 cubic feet; 
then, by adding the several pressures together, place 
them in proportion, as shown in column viii. of the table. 



TABLE VI. 





I. 


II. 

i 

72 
64 

49 
32 
30 
25 


ni. 

• 

u 

2 

0) 

B 

•n 

34 
32 

28 
24 
22 
20 


IV. 


V. 


VI. 


VII. 


vni. 


IX. 


• 

o 

N 
OQ 

9X8 
8X8 

7X7 
8X4 
5X6 
5X5 


a 
3 


• 
X 


o 


M 

> 

i§ ' 


• 

1 


Actual pre^ure 
derived from vii. 
8.328 :6::2.470:1.78. 
Ana. 


S^ X 


Upcast . 
Downcast 


17000 
16000 




50000 
50000 


2.470 
3.316 


1.78 
2.40 


42400 
42400 


■/x • • • 

B . • • 
O . • • 
D . . . 


42000 

36000 
22000 
20000 


74.848 
42.666 
49.543 
39.528 


18115.51 
10326.51 
11^91 ' 
9567 


2.642 


1.82 


15412 
8737 

10146 
8105 



=v/- 



X a, we may 



Next, by the use of the formula q 

obtain the actual quantities. Columns vi. and vn. are 



pa 
ks 
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obtained as shown by § 32. The pressure passing 50,000 
cubic feet, we find aggregates 8.328 pounds ; then 

V8.328 1^6:: 60000 : 42400 cubic feet 

the actual quantity, as is shown by the table. 



CHAPTER IX. 



34. As yet no rule has been established as to the 
quantity of air necessary for ventilating mines of dif- 
ferent capacities: consequently, sometimes as much 
air is sent into a mine employing two hundred persons 
as there is into one in which twice that number are 
constantly engaged. 

Scientifically ventilated mines contain a certain allow- 
ance of air for each person working under ground, as 
well as for each light and horse ; also for various other 
purposes. Some persons think they can determine in 
a general manner the volume of air necessary for a mine, 
basing it upon the following single element, the num- 
ber of miners employed, and giving to them a greater 
or less volume of air, varying with the presence or 
absence of fire-damp. Let us see if this be correct, and, 
to do so, assume that each workingman, exclusive of 
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horses and lights, requires one hundred cubic feet per 
minute, taking as examples two mines equally de- 
veloped, although, by reason of the nature of the coal- 
seam and the mode of working, the tonnage hewu by 
each man may be dijfferent, and only require sixty men 
in the first mine, whilst the second requires a hundred 
and fifty men. 

The first, we will say, is from necessity wrought in 
two workings 6' X 5'. The volume per man being 100 
cubic feet, the total volume required is 6,000 cubic feet 
per minute, which, divided by the area, 30 -|- 30 = 60 
square feet, gives 100 feet per minute as the velocity of 
the air. In the second case, one airway is required with 
an area of 8' X 6' = 40 square feet. The total volume 
circulating will be 100 X 160 = 15,000 cubic feet per 
minute, and the velocity will be 377.5 feet per minute. 
The first velocity will be insufiicient to sweep away the 
gas, and prevent the heating of the air ; while the other 
is too great, and would incommode the workmen. Thus 
a volume of air exclusively founded on the number of 
men employed is incomplete. The extreme limits of 
velocity — which largely regulate the temperature, and 
indirectly the capacity of the air for water- vapor — must 
be fixed. To do this, a record of the development of 
the working ; the method of working ; the nature of the 
seam ; the splits, if any, or, if not, the main current ; and 
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the more or less abundant production of gases, must 
be kept, as it is impossible to fix in a lump otherwise 
the volume of air necessary for a fiery mine, where the 
evolution varies in such great limits. On account of 
the great complication of such calculations, no general 
system can be established. " It appears, under the cir- 
cumstances, to be indispensable to proceed by analogy, 
by classing mines according to the more or less favora- 
ble conditions for ventilation in which they are situated, 
and to form groups, to the members of which a single 
and absolute rule can be applied." 

In some mines, of course, more air is required than 
in others; but, for sanitary purposes alone, 120 feet per 
minute is quoted as the minimum for each man and 
boy; but, where gas is given off, twice that amount 
should be allowed. No person should be allowed to 
work in a stagnant atmosphere, while the working-places 
and goaves where the gases congregate should have a 
supply of air large enough to dilute and deprive them of 
their power. In all excavations where air is renewed, 
and in the galleries of mines in particular, carbonic-acid 
gas is continually found in more or less quantity. The 
ventilation should be sufficient to draw it constantly 
away, and to keep that quantity which is mixed with 
the air beneath that limit beyond which it would be- 
come injurious to the workmen. 
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Mr. Richardson, who paid a great deal of attention 
to the subject, estimated that the quantity of air re- 
quired for vital chemical purposes for each person was 
upwards of 1,000 cubic feet per hour. Of this, 84 
cubic feet were for the breathing of each person ; 62.8 
cubic feet, for displacing carbonic acid; 258.4 cubic 
feet, for diluting nitrogen ; and 27 cubic feet, for dis- 
placing perspiration. In addition, 59.3 cubic feet should 
be allowed for the combustion of each light, and 2585 
cubic feet for one horse. This is not considered an 
extravagant estimate ; and some hold that it is not 
enough for diluting all the gases,, nor for removing the 
air after being breathed. 

" By some modes of ventilation, there are contrivances 
for enabling the men to breathe over and over again 
the same air, and so accumulate nuisances ; and this is 
more especially the case in mines which do not give 
off fiery gases." Such things, however, should not be 
tolerated at the present age in any district. There is 
now no difficulty in providing air in sufficient quanti- 
ties to dilute the gases given off in fiery mines, and so 
render them harmless. Where the furnace is used for 
ventilation, it has been calculated that the cost of ven- 
tilating the most difficult mines, and where there is a 
large escape of gas, need not exceed an English penny 
per day per man, and not half so much in mines where 
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little or no gas is given off. The cost of fan-ventilation 
is not as great as the furnace, although the first cost 
is larger. As before stated, enlargement of airways, 
and judicious division of the current into several splits 
(which should begin as near as possible to the down- 
cast), will brin^ the air much purer and cooler to the 
miners, and also greatly increase the ventilation. 

PREVElirriON OF COLLIERY EXPLOSIONS. 

35. Much has been written and said upon this sub- 
ject, yet every now and then the public is startled with 
news of a recent explosion where numbers of lives have 
been lost. The investigations which follow are not 
always satisfactory, either to the families of the de- 
ceased or the managers. Instances may be cited where 
the injured have received the blame for the negli- 
gences of either the manager or his " fire-boss." 

There are laws in some of the States which require 
the managers to allow each miner a certain quantity of 
air.^ Whenever there is " bad air," the miner should 
inform the "mine-boss," and, in case the evil is not 
speedily remedied, report the fact to the " mine-inspect- 
or." Miners should not neglect to do this, even if it 
costs them " their job ; " because they risk the lives of 



i See Sect. 1, Pennsylvania Mine Laws. 
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their fellow-miners as well as their own; and, in ease 
of accident through any neglect on their part, the 
law will hold them responsible. The first preventive 
means which should be insisted upon is a really effi- 
cient and " safe safety-lamp." Many of the so-called 
safety-lamps are no safety-lamps at all : in fact, they 
are apt "to lull the inexperienced into false se- 
curity." Hundreds of miners imagine, that, if they 
have a safety-lamp, they can work with impunity 
in the most fiery veins, and can defy almost any 
risk. "We all know how dangerous such false se- 
curity must be, and how treacherous many of the 
lamps have proven when a sudden 'blower' of gas 
has been struck. Again : many of the lamps can be 
picked by an ingenious collier, and the most disastrous 
consequences have resulted from this tampering with 
so-called safety-lamps. Whatever may be said to the 
contrary, the mining- world still wants a really safe 
safety-lamp, — one which, while giving a good light, will 
defy all tampering by the collier, and resist any amount 
of explosive gas with which it may come in contact. 
Until we have this, we may look in vain for any appre- 
ciable decrease in the number of explosions in our fiery 
pits, and the lives of our colliers will be more or less 
in jeopardy." 

Another provision, which should be enforced und^» 
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every circumstance, is to prohibit the use of gunpowder 
\t\ all fiery, bituminous mines. Shot-firing has, in all 
probability, to answer for more fatal casualties than 
some are inclined to ascribe to it. This does not happen 
so much in anthracite mines, from the fact that there 
is scarcely any dust floating in the air when compared 
with bituminous mines : however, we are not sure but 
that it may apply in some instances, even to them. 

It is certain that people are maimed and burned by 
blasting, at distances varying from ten to a hundred 
and eighty yards, when there is no fire-damp present to 
cause such destruction ; then, it is quite clear that this 
results, either from the simple force and flame of the 
shot on account of the weight of the charge, or from 
this force and flame assisted by the rapid combustion 
of coal-dust as it travels on its course, or from the force 
and flame assisted by an instantaneous emission of gas, 
in consequence of a partial vacuum being formed by 
the rushing blast. With a view of testing these assump- 
tions, careful experiments were made, a description of 
which may be found in " Colliery Guardian," England, 
p. 13, vol. xxxii., the summing-up of which is as fol- 
lows : — 

" 1. The flame from a blown-out shot, unassisted by 
gas or coal-dust, does not travel farther than five, or, 
at the utmost, ten yards, entailing little or no danger. 
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"2. If coal-dust be present, even in a comparatively 
damp mine, the flame may not travel fifty yards. That 
in a dry mine of a high temperature this distance would 
be greatly exceeded ; and since miners, as a rule, con- 
sider themselves safe at from fifteen to twenty yards 
from the point where the powder is used, a blown-out 
shot under these circumstances is a source of great 
danger. 

" 3. That the violence of the blast from either gun- 
powder or fire-damp is much increased when coal-dust 
is present. 

" 4. That, on any partial vacuum being formed in an 
underground coal-working, fire-damp will instantly issue 
in dangerous quantity ; and there are fair grounds for 
assuming that a shot blowing out in the face of a nar- 
row heading, and setting coal-dust on fire in its course, 
would, by its exhaustive action, produce such a vacuum, 
and might cause a serious explosion in a mine practi- 
cally clear of gas. 

"5. Although no experiments have been made di- 
rectly to test the result of coal-dust set on fire in air 
heavily loaded with fire-damp, there is every likelihood 
that such an occurrence would be attended with grave 
consequences. 

" 6. That it is desirable that any system of blasting 
coal which entails heavy charges of gunpowder, and an 
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unusual liability to 'shots blowing out,' such as blast- 
ing without side-cutting, or nicking, or using improper 
materials for stemming, should be discontinued. 

" 7. A large body of flame, such as results from a very 
heavy charge or fi*om a blown-out shot, is required to 
ignite coal-dust; that in blasting with charges not 
exceeding twelve ounces, accompanied by the proper 
preparation of holing and side-cutting, there is little 
liability of this taking place. 

"To discard all shot-firing means, in many mines, a 
considerable increased cost in the working of coal. 
But life is the first consideration, and the safety of the 
collier should be the one great object of the proprietor 
and manager. The opinion of the best mining engi- 
neers is, that so long as shot-firing is allowed, even 
under the most favorable circumstances, so long will 
there be a certain amount of risk, while, in many cases 
where the plan is adopted, it often leads to most seri- 
ous and fatal consequences." 

36. The third point, which should be earnestly con- 
sidered, is efficient ventilation. There is no country 
in the world where such facilities are offered for good 
ventilation, because of the thick coal-seams ; yet in very 
many instances managers appear to rely too much upon 
this advantage, and fail to conduct the air properly in 
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its journey through the mines ; and there are some that 
could not, although by law required, give the inspector 
a design of their ventilation. Thus it is not at all to 
be wondered at, when such gross negligence prevails, 
that accidents now and then occur. The cheapest 
method of obtaining more air is by splitting, and 
mechanical means.- \ 

Enlarging the airways lessens the velocity, and is 
another, though costlier, mode of obtaining more air : 
in small seams it is, however, absolutely imperative. 



CHAPTER X. 



MEASUEING THE AIE. 



37. To measure air travelling through mines, various 
methods have been employed: those in most general 
use may be classed under three heads ; viz., — 

(a) Travelling at the same velocity as the air-current, 
and noting the distance passed over in a unit of time. 

(6) Determining from observation the rate at which 
small floating particles are carried along by the cur- 
rent, and assuming their velocities to be identical with 
that of the air-current itself. 

((?) By the use of the anemometer, or other instru- 
ments. 
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(a) By the first method it is necessary to select as 
regular an airway as possible, in which is measured a 
length of from fifty to two hundred yards. This is 
traversed in the same direction as the current, a candle 
being held in the hand, whose flame must be kept ver- . 
tical. The time of walking the distance, which is the 
same as the velocity of the air, is measured by a watch. 
The mean of two or three experiments gives a rough 
estimate of the velocity. 

(6) By light bodies, such as down or powder-smoke, 
and noting the time it takes for the particles to pass 
from one point of the gallery to another. Under this 
head may be classed measurements made by ammonia, 
sulphuric-ether, etc. To measure air by volatile liquids, 
small phials containing the liquid are broken at a cer- 
tain* place in the airway, and the time^ noted that it 
takes to pass from this point of the gallery to another, 
the distance between the two having been previously 
ascertained. 

By vapor-measurements Mr. Arnold constantly ob- 
tained the same results. This method, so simple in 
practice, is more exact than measuring by powder- 
smoke, down, or other light substances. Mr. Arnold 
considers it to be less subject to error than the best 
anemometer yet invented. 

On the other hand, others claim that — the sense of 
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smell being more acute in one person than in another, 
and different for the same persons at different times — 
it is impossible to measure the air as accurately as with 
an instrument. 

Many experiments made with anemometers show a 
variation in their co-efficient at different velocities of 
the air-current. M. Guibal, in order to suppress this 
source of error, sought an approximate velocity ; then, 
by using the co-efficient thus found, he made new ex- 
periments, which would give the true co-efficients. 
Two anemometers are required to do this: if they 
agree, the measurement is correct ; if they do not, one 
of the two is wrong, and it is then necessary to ascer- 
tain which. 

(c) Miners have long recognized the importance of 
knowing the volume of air for all pressures of the atmos- 
phere : hence they regularly measure the air traversing 
all the main intakes in the returns and at certain 
points in the various districts. Some use powder- 
smoke ; but that test has been practically superseded 
by the anemometer : however, whatever method is 
employed, th« measurements are, or should be, made at 
certain prescribed times. There are many and vari- 
ous instruments for measuring the velocity of the air, 
among which may be mentioned Devillez's, Dickinson's, 
Briam's, Robinson's, Casella's, and Casartelli's ane- 
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mometers. Briam's is the one most generally used in 
this country, and is a modification of Robinson's as 
originally made for meteorological use. It consists of 
a series of vanes, which revolve by the action of wind. 
Each revolution is transmitted to dials by means of 
wheels and pinions. These instruments are made of 
various sizes, from four to twelve inches. The dials are 
six in number, marked for feet, hundredths, thousandths, 
etc. Whatever instrument is used, all that is required 
to ascertain the velocity is to read the figures on the 
respective dials before and after experiment, then to 
subtract the first from the second ; to the remainder is 
added a value corresponding to the constant friction, 
and which will be found with the table that comes with 
each instrument. 
The special formula is of the form 

F= ar + u 

in which r equals the number of revolutions per minute, 
a equals constant proportional to the number of linear 
feet traversed by the air in a revolution, and u repre- 
sents the losses due to friction. 

For the anemometer generally used in Pennsylvania, 
the correction is about thirty feet when the instrument 
is new and clean ; but the dirt and grit, to which it is 
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more or less exposed, have, no doubt, a tendency to 
increase the friction, or the correction in time. To de- 
termine the amount of correction required, the instru- 
ment is placed on a whirling table ; the anemometer 
is whirled around by the table revolving ; the velocity 
of the table is then compared with the indications of 
the anemometer. 

38. The method of procedure in conducting experi- 
ments to find the useful effect of fan-ventilation varies 
materially from the ordinary method of ascertaining 
the velocity of the air, because the revolutions of the 
fan, the indicated power of the engine,' water-gauge, 
etc., must be considered. 

The air is measured by the anemometer in the ven- 
tilator-drift if pdssible. At the place of measurement, 
strings or wires should be fixed so as to divide the drift 
into, say, ten divisions of nearly equal area. The ane- 
mometer should run at least one minute in each divis- 
ion ; one minute interval should be taken for reading 
the instrument, and moving it to the next division. 
Simultaneously with the air-measurement, diagrams 
should be taken from the engine at intervals of three 
or five minutes. Each diagram should be accompanied 
with an observation of the water-gauge, knd the num- 
ber of strokes per minute of the engine-piston, Thi» 
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usual working-speed should be adopted for the experi- 
ment, and it should be maintained as uniformly as 
possible throughout the trial. After completing the 
drift-measurements, a second air-measurement should be 
made, either in the intake or return airways, to check, 
in some degree, the drift-measurement. To make these 
check-measurements, move the anemometer uniformly 
over the whole area of the airway, for, say, two min- 
utes, repeating the observation twice to avoid error. 
During these check-measurements, diagrams of engine, 
and observations of speed and water-gauge, should be 
taken, as in the first measurement. 

The laws of Mariotte and Gay-Lussac may be applied 
to correct the volume of air measured in the intake or 
return airways to the condition of the ventilator-drift 
at the surface ; namely, for pressure and temperature, 
as follows : — 

Problem. — Supposing the volume of air measured 
at the intake to be 100,000 cubic feet per minute, the 
required volume which it would occupy in the ventila- 
tor-drift is found to be 107,900 cubic feet with the fol- 
lowing conditions : — 

Barometer. Temperature. 

Ventilator-drift 30.30" 60° F. 

Intake airway 81.25'' 37° F. 

Neglecting any small increase of volume due to 
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evolution of gas, or absorption of aqueous vapor in 
the mine, we have in the ventilator drift, 

100000 X ^^-^^''x (60° + 461) ^ iQ'jQQQ cubic feet. 
30.30" X (37** -f 461) 

In order to find the amount of work which is ex- 
pended in producing ventilation, and what amount is 
lost in overcoming friction, it is necessary to use an 
indicator, the diagram of which will give us the effec- 
tive horse-power, which differs from the nominal or 
theoretical horse-power. 

Problem. — Find the per cent of power used by a 
fan with the following data : — 

Area of piston 484 inches; stroke 2 feet; speed 60 
revolutions, or 240 feet of piston per minute ; indicated 
effective pressure on piston 20.89 pounds per square 
inch; then, 

484 X 240 X 20.89 „o ka u 

= 73.54 horse-power engine. 

The air in fan-drift measures 106,680 cubic feet per 
minute. Water-gauge in fan-drift measures 2.8". Then 

106680 X 2.80 X 5.2 ^^ ^^ ^ . ^u • 
SSOfK) ^ 47.06 horse-power m the an*. 

Therefore the per cent of power utilized will be 
73.54 : 47.06 :: 100 : 64 per cent. Ana. 
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THE BAROMETER. 

39. It is supposed that Torricelli derived from Gali- 
leo the definite conception of atmospheric pressure. 
Pascal, however, was first to state that the mercurial 
column decreased in length as we ascend. This ex« 
periment was for the first time performed at Cler^ 
mont, on the top of the Puy de D6me, Sept. 19, 1648. 
The barometer in its simplest form consists of a tube, 
about thirty-four inches long, closed at the top. This 
tube is filled with mercury, then inverted in a vessel 
containing mercury. The atmospheric pressure on the 
vessel of mercury will force the mercury up the tube, 
or let it sink, according as that pressure is greater or 
less. These risings and fallings are measured by means 
of a scale. As mercury expands by heating, it follows 
that a column of warm mercury exerts less pressure 
than a column of the same height at a lower tempera- 
ture. It is usual, on this account, to reduce the actual 
height of the column to the height of a column of mer- 
cury at the temperature of freezing water, which would 
exert the same pressure. 

The formula for this correction is 

Ao = A — ^m(^ — 32°), 
in which h = height of mercury at t®, h^ = height of 
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mercury at freezing-point, m = co-efficient of expansion 
of mercury per degree Fahrenheit = 9^^ = 0.0001001. 

When very exact readings are required, corrections 
must be made for expansion of the scale by which the 
height of the mercurial column is measured, also for 
capillarity. 

(a) The Aneroid Barometer is a thin metallic vessel 
partially exhausted of air, and sealed : consequently it 
will expand or diminish in size as the atmosphere is 
lighter or heavier. This change in size, M. Vidi made 
use of, and transmitted the movement to an index. 
The Aneroid Barometer is a very convenient instru- 
ment; as it is round, and of small compass. In the 
second geological survey of Pennsylvania it was used, 
to a great extent, for determining heights, and making 
contours, in the anthracite coal-regions. Good Aneroid 
Barometers are compensated for differences of tempera- 
ture. 

(6) Atmospheric pressure will, according to the con- 
dition of the weather, vary from 28.5 to 31 inches of 
njercurial column. When the barometer rises, the ther- 
mometer usually falls, and vice versa. The discharge 
of gas becomes greater when the barometer falls, be- 
cause the atmospheric pressure which before kept the 
gas pent up is lessened ; and hence, wherever the press- 
ure of gas is strong enough to overcome the lessened 
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atmospheric pressure, it escapes. The barometer is 
useful, therefore, as it will give warning when an in- 
creased discharge of gas will take place ; and hence 
precautions may be taken to overcome it by increasing 
the volume of air. 

Sudden falling of the barometer is much more dan- 
gerous than a gradual fall ; for in the first case more 
gas will be given off in less time than in the second. 
When the barometer is 27 inches, the pressure of the 
atmosphere per square foot is 1,908.23 pounds; at 28 
inches, it is 1,978.90 pounds ; at 29 inches, it is 2,049.58 
pounds; at 30 inches, it is 2,120.25 pounds; at 31 inches, 
it is 2,190.93 pounds. 

The following table will be found useful in order to 
ascertain the pressure per square foot, or fractional part 
of a foot, for a given height of the barometer. 



/ 
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TABLE VIL 
PRESSURE OF AIR PER SQUARE FOOT. 
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Inches. 


Pounds. 


Inches. 


Pounds. 


Inches. 


Pounds. 


0.01 


0.71 


0.12 


8.48 


0.50 


35.34 


0.02 


1.41 


0.13 


9.19 


0.60 


42.41 


0.03 


2.12 


0.14 


9.90 


0.70 


49.48 


0.04 


2.a3 


0.15 


10.60 


0.80 


56.54 


0.05 


3.53 


0.16 


11.31 


0.90 


63.61 


0.06 


4.24 


0.17 


12.02 


1.00 


70.68 


0.07 


4.95 


0.18 


12.72 


2.00 


141.36 


0.08 


5.65 


0.19 


13.43 


8.00 


212.04 


0.09 


6.36 


0.20 


14.14 


4.00 


282.72 


0.10 


7.07 


0.30 


21.20 






0.11 


7.77 


0.40 


28.27 







Problem, — Require the amount, in cubic feet, of air 
and gas that may be expected to be given off for 1,000 
cubic feet of open space in the goaves, or other waste 
places, by a falling of the barometer from 30.4 inches 
to 28.75 inches. 

The pressure at 30.4 inches = 2,148.52 pounds 
The pressure at 28.75 inches = 2,031.91 pounds 



Then, 



or 



Difference 116.61 pounds. 



2,148.52 : 116.61 :: 1000 : 54.27, 
80.40 : (30.40 - 28.75) :: 1000 : 64.27 
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cubic feet of gas, which, theoretically, may be given 
off by a reduction of pressure equal to that indicated 
above. 

Experience in the use of the barometer in mines has 
shown that its indications are from one to three hours 
behind what is actually taking place. On this account 
it has been asserted that the barometer is not to be 
relied upon to give warnings. According to the " Col- 
liery Guardian," Jan. 31, 1883, the government issued 
and sent out in England, during the year 1882, thirty- 
two warnings, nineteen of which were justified by sub- 
sequent events. Twelve were followed in three days 
by explosions which caused one hundred and thirty-nine 
deaths ; two were followed on the fifth day by explosions 
causing forty-three deaths ; twenty-three lives were lost 
on the sixth day after the warning — showing that a 
total of two hundred and five lives were lost in six days 
from the issue of the warnings, while five lives were 
lost on the day of the issue. 

We have noticed, when there have been explosions 
telegraphed from England, that, within a short time, 
explosions have occurred in our American mines. This 
warning should never be slighted, whether the explos- 
ions are due to falling or rising barometer. These 
teachings, we are aware, conflict with some of the late 
writings on this point; but we are so convinced by 
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analogy that one of our very best warnings is the ba 
rometer, that we hope our own government will follow 
England's Signal Service Bureau, and send our colliery 
managers warnings. 



CHAPTER XL 



CONCLUSION. 



40. The first method employed to ventilate mines 
was, we believe, to agitate the air by shaking a cloth, 
next, natural ventilation by means of upcast and down- 
cast shafts. This method was followed from necessity 
by the furnace ; and even to-day this latter method is 
considered by some the best, on account of the liability 
of mechanical ventilators to get out of order, and so 
stop the current. The furnace is still used in many 
mines, but is being gradually superseded by the me- 
chanical means now at our command. It is, however, 
more effective in deep mines than, any thing as yet 
employed ; but it is just in this position that it is the 
most dangerous, as, the deeper we descend, the more 
gas we are likely to encounter. In shallow mines, espe- 
cially if worked at a dip, the fan is the more economical 
of the two systems. The steam-jet, at one time, was 
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a rival of the furnace. This was followed by allow- 
ing water to fall down the downcast ; but this system 
proved ineflScacious, as it did not provide enough change 
of temperature, and the water had to be pumped back 
again, in most cases, out of the mine. The mechanical 
ventilators of late years have been numerous ; but, of 
all the number, not one perfect one has been produced. 
Guibal's Fan seems to be the favorite; and to him is 
due the simplest, and, with his sliding shutter, the most 
effective fan. Nixon made a ventilator on the air-pump 
system, the immense piston of which goes backwards 
and forwards on wheels. The air is received into a 
chamber, and forced out by this piston : it works ex- 
actly upon the same principle as a pump, drawing 
the air from the mine by one set of valves, and then 
forcing it out by another on the back movement of the 
piston. 

Mr. Struve constructed a machine upon a principle 
similar to that of Mr. Nixon, using two large gas-tanks, 
arranged with valves. These gasometers moved up 
and down alternately in water, this means taking the 
place of a piston. There are also centrifugal machines, 
receiving the air at the centre, and throwing it oif from 
the ends of the blades : others are made on the wind- 
mill plan, each blade, as it revolves, cutting out a defi- 
nite portion of the air. The Champion Ventilator, 
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the only really distinctive American ventilator, is so 
arranged as to be used either as a forcing or exhaust- 
ing fan. It is credited with very good results. Every 
new fan which has been built of late has been declared 
to give at least ten per cent more air for the same 
amount of power than any fan previously invented. 
This can hardly be believed, unless it has been proven 
by placing the new fan in a position where some other 
fan has been, with the conditions of the mine and the 
power just the same. 

Theoretical comparison of two fans at different mines 
cannot give any thing like exact results, as the air- 
ways and resistances will not be similar in the two 
mines ; and, while one fan may be better than the other, 
yet, in its position, it may be unable to cope with an 
inferior adversary more favorably situated. A larger 
water-gauge may be obtained in the fan-house than in 
the airway leading to the fan: this is accounted for 
by the fact that the fan offers more or less resistance to 
the air, and slightly impedes its discharge. A perfect 
fan should not do this, — at least to any great extent. 
Theoretically and practically the amount of ventilation 
obtainable from furnace-action will depend upon the 
difference in weight of two air-columns. An improper 
consideration of this subject has led the enemies of 
the furnace to state that there is a material difference 
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between the action of furnace and fan ventilation ; the 
former being likened to propulsion, the latter to trac- 
tion. Were the air propelled, the power expended 
would be applied to force the air down one of the 
shafts, which the furnace does not do, but draws the 
air down, expelling it in lighter form, the same as 
the exhaust fan. 

4L Suppose the exhaustion produced in a fan-drift 
at 40 revolutions per minute of the fan averages about 
1.25 inches of water-gauge, while at 60 revolutions of 
the fan we have 2.8 inches water-gauge, — a rise propor- 
tional to the square of the speed. Since the vacuum 
increases as the square of the number of revolutions 
per minute, the quantity of air produced should be the 
same per revolution at any speed where the conditions 
are unchanged, for the volume of air varies as the 
square root of the water-gauge; i.e., the square root 
of the lowest pressure bears the same relation to the 
square root of the highest pressure as forty revolutions 
bear to sixty revolutions per minute ; or 

V/iL25:V^::40:60. 

Therefore, if it were desirable to pass double the quan- 
tity of air though a mine or drift where the existing 
friction is equal to one inch of water-gauge, without 
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making any alteration in the underground arrange- 
ments, the eflfect of the change would be to increase the 
measure of resistance to four inches of water-gauge; 
also the power required to overcome this friction would 
be eight times that employed for the original quantity, 
as, in addition to the friction being fourfold, the volume 
of air is also doubled. In like manner, for three times 
the quantity, we have nine times the resistance, and 
require twenty seven times the power. 

The following table is taken from Mr. R. Howe's 
paper, printed in the Transactions of Chesterfield and 
Derbyshire Institute of Engineers; the fan under con- 
sideration being a Guibal. In the preparation of the 
table, the following general principles are observed: — 

1st, The quantity of air increases in proportion to 
the speed of the fan. 

2d, The water-gauge increases proportionately to the 
square of the number of revolutions of the fan. 

3d, The horse-power in the air increases as the cube 
of the quantity. 

4th, The steam pressure in the cylinder is in propor- 
tion to the square of the piston's speed. 

5th, The horse-power of the engine is proportionate 
to the cube of the number of revolutions per minute, 
or to the cube of the volume of air. 

Illustrations : — 
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1st, 25 rev. : 30 rev. : : 44450 : 53340 cubic feet of air. 

2d, (25)2 rev. : (30)2rev. : : 0.48 w.g. : 0.69+ or 0.7 w.g. 

^ , 44450 X 0.48 X 5.2 ^ . , . ^u • 

3a, = 34 horse-power in the air. 

' 33000 ^ 

4th, (25)2 : (30)2 . . 3 52 : 5.21 + pressure on piston. 
5th, (25)« : (30)« : : 5,32 : 9.19 effective HP. of engine. 

Assuming the quantity of air discharged for each 
revolution of the fan to be 1,778 cubic feet, then, at 25 
revolutions per minute, the number of cubic feet pass- 
ing will be 

25 X 1778 = 44450 cubic feet. 

This does not always hold good when the number of 
revolutions are greatly increased, from the fact that 
the baffling of the air does not admit the water-gauge 
to register correctly. " The theoretical quantity of a 
fan at High Colliery was short, when compared, with 
the measurements, 3,0^8 cubic feet per minute." The 
fan gave off 1,684 cubic feet per revolution: there- 
fore the quantity that should have been delivered was 
82,368 ; but from measurement 81,923 cubic feet were 
delivered at 1.3 inches water-gauge. From the formula 

it was found that while 

i^ X 82.36 = 99.665 cubic feet 
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was all that the water-gauge called for, the measured 
quantity was 102.713 cubic feet, making a diJBference in 
the second case of 3.048 cubic feet per minute, as stated 
above. 

TABLE VIII. 
GUIBAL FAN. 



umber of revolu- 
tions per minute. 


tches water-gauge 
in fan-drift. 


X 

II So . 
111 




ffective pressure of 
steam in pounds 
per square inch 
on piston 


fifective horse-pow- 
er of engine. 


% 


HI 


o* 


w 


» 


H 


25 


0.48 


44,450 


3.40 


3.62 


5.32 


30 


0.70 


53,340 


5.88 


5.22 


9.19 


35 


0.95 


62,230 


9.29 


7.11 


14.59 


40 


L24 


71,120 


13.94 


9.28 


21.78 


45 


1.57 


80,110 


19.85 


11.75 


31.02 


50 


1.94 


88,900 


27.23 


14.50 


42.55 


55 


2.35 


97,790 


36.25 


17.55 


56.64 


60 


2.80 


106,680 


47.06 


20.89 


73.54 


65 


3.28 


115,570 


59.84 


24.51 


93.50 


70 


3.81 


124,460 


74.34 


28.43 


116.77 


75 


4.37 


133,350 


91.93 


32.64 


143.63 


80 


4.98 


142,240 


111.57 


37.13 


174.31 


85 


5.62 


151,130 


133.82 


41.93 


209.08 


00 


6.30 


160,020 


158.85 


47.00 


248.20 


95 


7.02 


168,910 


186.83 


52.37 


291.90 


100 


7.77 


177,800 


217.90 


58.03 


340.46 



42. The Guibal Fan belongs to that class of ventila- 
tors called centrifugal, because of the air being thrown 
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off at the tip of the blade tangent to the circumference 
of the fan. There are probably more of these fans in 
use than of any other kind : seemingly they have the 
precedence among the best mining engineers, maybe 
from their simplicity of construction, or from their non- 
liability to get out of order. The committee of the 
North of England Institute, appointed to determine 
the useful effect of different fans, reported : — 

Per cent useful effect. 

Strove 57.80 

Guibal 52.95 

Waddle '. . 62.79 

Schiele 49.27 

Thus placing them nearly on a par with a displacement 
machine in the van. Mr. Howe, in his experiments 
quoted above, places the useful effect of the Guibal at 
about sixty-four per cent. The fan is enclosed in a 
liouse, the air being discharged through a chimney 
which gradually expands towards the top. That there 
is a certain amount of benefit derived from this chim- 
ney has been proved by experiment, simply because by 
its use there is a saving in final velocity by the oppor- 
tunity it affords the air for expanding. The opening 
for the discharge of the air is regulated by an adjustable 
shutter. To find the most advantageous position for 
this shutter, a series of experiments must be instituted. 
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First, the shutter is fixed at a certain point, then the 
amount of air ascertained by measurement, as before 
explained ; the shutter is now lowered and the meas- 
urement again taken ; again the shutter is lowered and 
the measurement taken. If, however, in the last posi- 
tion, a less amount of useful effect is shown than in the 
previous position, the shutter has been lowered beyond 
its most useful position, and must be returned to the 
second position. 

The position of the shutter depends upon the speed 
at which the fan runs. Should the shutter vibrate 
when the speed is increased, it shows that the fan is 
not working properly, and that the shutter needs regu- 
lating. 

A modification of the Guibal Fan is used in the an- 
thracite regions, having, instead of the shutter, a spiral 
casing, commencing at the orifice of discharge (throat), 
and extending sometimes the whole circumference, ac- 
cording to the notion of the engineer. Whenever this 
spiral casing is too short, thumping will take place. 
The discharge is regulated at the throat by a short 
shutter, or by nailing boards over the orifice. The 
more recently built fans are made as large as forty-five 
diameter, and have fire-proof casings of iron. 
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COMPARATIVE ECONOMY OF FURNACE AND FAN 

VENTILATION. 

(From Mb. R. Howb's Papbb.) 

43. Suppose we have two furnace-pits, the first 260 
feet deep, the second 655 feet deep. 

To arrive at the horse-power of furnace-ventilation, 
we must find the pressure producing it. 

Firsts Barometer of the first pit, 30.3" ; temperature 
of downcast, 65° ; of upcast, 240°. The pressure, there- 
fore, of the downcast in pounds per square foot, is 

1.3253 X 30.3 260 = 20.312 pounds. 
459 + 55 ^ 

Tlie pressure of the upcast is 

1.3253 X 30.3 



459 -f 240 



X 260 = 14.936 pounds. 



20.312 — 14.936 = 5.376 pounds as the pressure per 
square foot for ventilating pressure, and this pressure 
will give us, say, 80,358 cubic feet of air, then the 
horse-power will be 

30358 X 5.376 . , . 
33000 = 4.94 horse-power m the air. 

Second^ Mean barometer, 30.6"; temperature of down- 
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cast, 58*^ ; temperature of upcast, 117° ; then the press- 
ure in pounds per square foot is, for downcast, 

X 655 = 51.379 pounds; 

459 + 58 f » 

for upcast, * 

1.3253x30.6^^-. .^ ,,. , 

X 655 = 46.116 pounds* 

459 + 117 ^ 

Hence, for ventilating pressure, 51.379 — 46.116 = 5.263 
pounds per square foot ; and this pressure gives 48,230 
cubic feet of air per minute, which, reduced, gives us 
7.69 as the horse-power in the air. 

These two furnaces ventilated the HoUingwood pits. 
The No. 1 furnace used 8 tons 12 hundred weight of 
coal in 24 hours, or 68 pounds per hour per horse-power 
in the air. No. 2 furnace used 3 tons 1 hundred weight 
per day, or 37 pounds of coal per hour per horse-power 
in the air. The two furnaces circulated 78,588 cubic 
feet of air, with a horse-power of 12.63. 

A Guibal Fan was afterwards substituted to take the 
place of these furnaces, the ordinary speed of which 
was sixty revolutions per minute. The average quan- 
tity of air circulated at this speed was 106,680 cubic 
feet; the pressure, 2.8 water-gauge, or 14.56 pounds per 
square foot. 
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Tabulated results of the above calculations show the 
economy of fan over furnace ventilation. The wages 
and price of coal are those regulated by the English 
market at the time of the writing, reduced to United- 
States money. 



TABLE IX, 





Quantity by the 
two furnaces. 


Quantity at 60 
revolutions of 
fan per minute. 


Dub to Fan. 


• 

1 


• 


1. Cubic feet of air per minute . 

2. Pressure in pounds per 

square foot 

3. Horse-power in air, in- 

cluding shaft friction . . 

4. Cost of fuel, wages, etc., for 

24 hours 

5. Cost for 24 hours per horse- 

power in the air ... . 

G. Pounds of coal consumed 

per horse-power in the air 

per hour . 


78,588 
5.304 
12.63 

$10.44 

$0.82 

49 


106,680 
14.56 
47.06 
$5.33 
$0.12 

10 


28,092 
9.256 
34.43 


$5.11 
$0.70 

39 


Amount saved in one year by fan .... $2,120.65 
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APPENDIX A. 

PORMtJLAS.* 

44; Let a = area of airway in square feet. 

= perimeter of airway in feet. 

1 = length of airway. 

8 = rubbing-surface in feet. 
• k = co-efficient of friction, 0.0217 of a pound 
at a velocity of 1,000 feet per minute. 

p = pressure in pounds per square foot of sec- 
tional area. 

V = velocity of the air in feet per minute. 

to = water-gauge. 

q = quantity of air circulating, in cubic feet, per 
minute. 

u = units of work applied to circulate the air. 
HP ^ horse-power of ventilation. 

* From Mining Herald Almanac. 
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Then the following formulas for friction of air in 
mines may be deduced : — 



1. a 



ksv^ pa ksv^ ksv^ u 



q 



tt pv pv V 



2. o = ?. 

3. 2 =-. 

o 




SV^ SV^ 8V^ 8^ ' 

a a 

ksv^ u pa ksv* u ^ ^ 

^. p = = -=^~- = = — = 5.2t(7* 

a q a q av 

« ,„-~°^ - P 

o. 10 = -=—x = 




5.2 5.2 

9. q =va = - = = -7— X a=\7 7- X a- 

^ p p ks y ks 

10. w = gp = vpa = = ksv^ = g5.2ta = SP 



X 83000. 
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11 77P- ^ _ gP 

33000 33000* 

io ^ u _qp vpa 
ks ks ks 

14. pa = k»v' = (^^^Jxks = l. 

" These formulas comprise the pressure due to resist- 
ance, and not that necessary for final velocity: they 
are, therefore, more correct for long than for short air- 
ways. The pressure required for final velocity becomes 
a smaller fraction of the whole drag as the airways 
extend. If it be required to take into account the 
pressure to create velocity, 

Instead of using a = — , use-^. 

Instead of using pa = ksv^, use a(p — P)= ksv^. 

_. ^ _ . . ksv^ _ ksv^ ksv^ , „ 
Instead of usmg p = , use jo — P = , or f- F, 



Instead of using « = ^, use -.^ ' 



kv^ kv^ 



Instead of using v =y '^j ^sc y t^ 




pa . f{p — P)a 



124 MINE VENTILATION. {45. 

APPENDIX B. 

PBOBLEHS. 

4a 1. What is the area of an airway 6 feet by 5 feet ? 
What is its perimeter ? a =■ 30 ; o = 22. Ans. 

2. What is the area of a shaft 14 feet diameter? 
jRule. — Diameter^ X 0.7854. 153.98 + feet. Ans. 

3. What is the perimeter of a shaft 16.5 feet diameter ? 
Bute. — Diameter X 3.1416. 58.83 -|- feet. Ans. 

4. The long axis of an elliptical shaft is 14 feet, its 
short axis 6 feet : what is its area ? 

Eule. — AxaX 0.7854. 65.9736 feet. Am. 

5. Find the perimeter of an elliptical shaft whose 
axis A is 16 feet, and its axis a 8 feet. 



^ 



A^+_cfl A + a 



2 
Rule. — ' ^^ X 3.1416. 

38.7 feet. Ans. 

6. An air-course is 500 yards long, 6 feet high, and 
7 feet wide : what is its area, perimeter, and rubbing- 
surface ? 

a = 42 ; o = 26 ; « = 39000 square feet. Aub. 

7. What is the rubbing-surface of a shaft 15 feet 
diameter, 1,200 feet deep ? 56548.8 feet. AriM. 
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8. In an airway 8 feet by 9 feet, when the current 
has a velocity of 15 feet per second, what quantity of 
air is passing per minute ? 

Eule. — aXvX 60''. 64800 cubic feet. Ans. 

9. When the water-gauge is 1.85 of an inch, what 
pressure per square foot does it indicate ? 

Hule. — w X 5.2. 9.62 pounds. Ans. 

10. When the quantity of air passing is 60,000 cubic 
feet, with a water-gauge of 1 .5 inches, what are the units 
of work producing ventilation ? 

Rule. — u =z pq. 468000 units. Ans. 

11. What horse-power is there in 468,000 units of 
work ? 

Rule. — HP = QQQQQ ' 14.18. Ans. 

12. The pressure producing ventilation is 7.8 pounds : 
what is the water-gauge ? 

P 
Rule. — w=^ ^* 1.5 inch. Ans. 

13. There are 50,000 cubic feet of air passing, having 
a rubbing-surface 24,000 feet, and an area of 20 square 
feet : what is the water-gauge ? 

ksv^ 

Rule. — w=i -^^. 81.2 inches water-gauge. Ans. 
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14. The rubbing-surface of an airway is 26,000 feet, 
its area 25 square feet : what is its length ? 

1250 feet. Ans. 

15. What units of work are necessary to overcome 
friction of an airway 6 feet by 6 feet, 1,000 feet long, 
when the quantity passing is 7,200 feet per minute ? 

Mule. — t^ = X Q' 4166 units. Ans. 

16. Let a = 36; « = 24,000, to find the value of 

1 

1.39. Ans. 



n/ 



a)' X » 



a 

17. With 0.9 of an inch water-gauge, 16,000 cubic 
feet of air are passing : what quantity will pass when 
there is a water-gauge of 1.6 inches? 

V^ : V^ : : 16000 : 21333 +. Ans. 

18. With a fan and furnace combined, 46,706 cubic 
feet are produced ; the furnace produces alone 42,670 
cubic feet: what will the fan produce by itself? 

V467062 ~ 426702 = 18993. Ans. 

19. If, with a water-gauge of 0.65 of an inch, 20,000 
cubic feet of air are obtained, what height will th^ 
water-gauge be when there is a quantity of 75,000 
cubic feet of air passing ? 

^ = x .-. a?Xw = 9.139. Ans. 
9i 
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20. How much must we increase the pressure to 
double the quantity of air ? 4 times. Ans. 

21. How much has the ventilating power to be in- 
creased to treble the quantity of air ? 

3^ = 27 times. Ana. 

22. If we obtain 25,000 cubic feet of air by 5-horse 
power, what horse-power will be required to circulate 
60,000 cubic feet in the same mine ? 

(^y : (qy : : 5HP : Ana. 
or ^:q:: V5: yAna. 

23. There are two air-courses through which a total 
quantity of 100,000 cubic feet of air is passing; the 
resistances of the airways are in the proportion of 4 
to 1 : what quantity will pass along each? 

V^X 100000 100000 , ^ ^ 

— ^ ^ — = — g — = 33333^ cubic feet for airway 

haying greater resistance. 

Vi X 100000 

— f . f — = 66666f cubic feet for airway having 

only one-fourth the resistance. 

24. Find the motive-column where the upcast and 

downcast shafts are 540 feet deep, the temperature of 

the upcast being 129°, and that of the downcast 43°. 

J29 43 

Rule. ~ -^= -P X ^gg , ^3 ' 92.51. Ana. 
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APPENDIX C. 

46. The quantity of air required per man for res- 
piration has been variously estimated by the following 
authorities : — 

"The volume of air contained in the lungs, accord- 
ingly is 109 cubic inches; after respiration, 60 cubic 
inches remain in the chest; total volume 170 cubic 
inches. Amount of each inspiration has been differently 
estimated, it is probably 16 to 20 cubic inches." — Mb. 
Goodwin. 

"Men between five and six feet in height, after a 
complete inspiration, expel by force, on an average, 225 
cubic inches at 60°. This is called ' vital capacity of 
the lungs.' " — Mr. Hutchinson. 

" Assuming a man takes twenty breaths per minute, 
each 40 cubic inches vitiates 28 cubic feet per hour. 
Besides this, a quantity of vapor is emitted, which, 
according to Dumas, amounts to 0.0836 of a pound of 
water per hour, — enough to saturate 7.1 pounds of air 
at 60°. And if we allow, that, to be healthful and pleas- 
ant, the air should be only one-half saturated, we require 
14.2 pounds of air, or 187 cubic feet, giving us a total of 
215 cubic feet per hour, which happens to be the capa- 
city of a 6-foot cube. This is the maximum quantity 
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necessary for clean, healthy persons. For prisons, etc., 
it should not be less than 350 cubic feet, and for hospi- 
tals 1,000 cubic feet, per hour per head." — Mb. Box. 

" A minimum of 100 cubic feet per minute for each 
man and boy, for sanitary purposes alone." — Mb. Heb- 

BEBT MaCKWOBTH. 

"From 100 to 500 cubic feet per minute for each 
collier, according to condition of the mine." — Mb. 
Hedley. 

"The minimum quantity of fresh air for the most 
harmless of pits ought to be from 10,000 to 15,000 
cubic feet per minute." — Mb. Dunn. 

" In most fiery mines, an average of 600 cubic feet 
per minute per collier is circulated, and nearly 200 cubic 
feet per minute for each acre of waste." — Pbofessob 
Phillips. 

" For all anthracite mines, nearly double the above 
estimates (which are for bituminous mines) should be 
allowed, because of the much greater volume of powder- 
smoke, due to the large amount of blasting done." — ^ 
Thomas J. Fosteb. 

The Mine Ventilation Act for the anthracite region 
of Pennsylvania provides for 66 cubic feet of pure air 
per minute for each man working. All authorities 
agree in declaring this amount inadequate. 
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AlTTHOBITT. 


* 

1 

s 


No. of reapirationa 
per minute. 


Cubic feet inhaled 
per hour. 


%1 


Cubic inohei in- 
haled per min- 
ute. 


Koscoc {adult. . . . 

Atkinson 

CoHiery Pocket-Book . 
BrLston M. S. Lectures . 
Annales des Mines . . 


21 
43 


15 
15 


11 
22 
12 
16 

28 
33 


0.33 
0.66 
0.84 
0.54 
0.84 
1.00 


315 
645 
345 

480 


Average 


— 


- 


22 


0.72 


- 
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ASPHYXIA. 

47. The miners are exposed to asphyxia when the 
circulation of the air is not suflSciently active, and 
when they imprudently penetrate into ancient and 
abandoned workings, or wherever the air has not suflB- 
cient oxygen. 

The symptoms of asphyxia are sudden cessation of 
the respiration, of the pulsations of the heart, and of the 
action of the senses. The face is swollen and flushed; 
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the eyes protrude ; the features are distorted, and the 
face often livid, etc. 

It is necessary to succor an asphyxiated person with 
the greatest promptitude, and to continue the remedies 
as long as there is not a certainty of death. The best 
and first remedy to employ, and in which the greatest 
confidence has been and should be placed, is the re- 
newal of the air necessary for respiration. As an 
instance, let me cite the experience of John Boyle and 
his son at Yorktown, Penn., who were as near death as 
men could be, and return to life. The men knew the 
air was bad in their place (a pitching-breast) ; but the 
necessities of life were superior to their discretion, and 
they continued working until eleven A.M., when the 
young man concluded he could stand it no longer, and, 
in making his way from the face to the manway, was 
overcome, and fell ere he reached it. Mr. Boyle, who 
was also very weak, took hold of the boy, and, between 
pulling and lifting him over bowlders, succeeded, very 
luckily, in reaching the manway ; but there he found 
the air was still too heavy to support life. The exertion 
and excitement in his endeavor to rescue his boy, and 
take him down the narrow outlet, together with the 
deadly gas, proved too much for him, and he. too, 
fainted away, with the young man in his arms, both 
becoming tangled fast between the timbers, foot-sills, 
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and slabbing. At five o'clock in the afternoon, a com- 
pany hand thought something was wrong because of 
the Boyles remaining in the breast so long, without 
coming down, and started up the manway after them, 
and found them near the top, fast, and, as he thought, 
dead. Aid was summoned, and the miners taken down. 
The young man revived after reaching the gangway. 
The father was taken home on a stretcher, and, with 
much care and labor, was brought back to life. This 
was a peculiar case. Had there been a larger quantity 
of black-damp in the air, neither men would have sur- 
vived; but there seems to have been enough oxygen 
present to keep life in their bodies, while there was not 
enough to allow of their keeping their senses. 

While it is weU enough to know the following meth- 
ods for restoring asphyxiated persons, and to employ 
them while waiting for the doctor, yet it is imperative 
that a physician be summoned immediately. 

The following short and clear instructions for the 
recovery of suffocated persons are those issued by Napo- 
leon, 1813, Tit. iii. Art. xv. 

1. Remove the patient to pure air. 

2. Undress, and bathe his body with cold water, par- 
ticularly about the neck. 

3. Endeavor to make him swallow, if it be possible, 
cold water acidulated with vinegar. 
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4. Clysters should be given, two-thirds of cold water 
and one-third of vinegar, to be followed with others, of 
a strong solution of common salt, or senna and epsom 
salts. 

5. Attempts should be made to irritate the pituitary 
membrane with the feather-end of a quill, which should 
be gently moved in the nostrils of the patient; or stimu- 
late it with ammonia placed under the nose. 

6. Introduce air into the lungs by blowing with the 
nozzle of a bellows into one of the nostrils, compress- 
ing the other with the fingers. 

7. If these means do not produce the effects expected, 
the body of the asphyxiated person remaining warm 
(as that generally occurs for a long time), it will be 
necessary to have recourse to blood-letting, the neces- 
sity of which is indicated by the redness of the face, 
the swollen lips, and protruding eyes. The blood may 
be taken from the jugular vein or foot. 

8. As a last resource, an opening should be made in 
the trachea, and a small pipe introduced, through which 
the air may be applied by the aid of a small bellows. 
These remedies should be promptly applied : as death 
does not appear certain for a long time, they should be 
only discontinued when it is clearly aflSrmed. 

Although much more might be said about the hygiene 
of mines, and many rules laid down for the miners and 
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bosses, yet that belongs clearly to another subject ; and 
this would not have been inserted but for the frequency 
with which such accidents happen, and from the neces- 
sity of applying quick remedies. For further informa- 
tion, see "Mine Foreman's Pocket-Book," issued by 
T- J. Foster, Shenandoah, Penn. 



INDEX. 



Accidents In mines, 78. 
causes of, 96. 
prevention of, 92. 
decrease of, 93. 
Acceleration of gravity, 22. 
Action of chokendamp, 11. 
of white-damp, 12. 
of fan and furnace, 112. 
Adding airways, 82. 
Adjustable fan-sliutter, 116. 
After-damp, 11. 
Air, properties of, 1. 
height of, 2. 
weight of, 3. 
analysis of, 3. 
to find weight of, 19. 
expansion of, 19. 
motion of, 23. 
boxes, 70. 
return, 73. 
stoppings, 74. 
splitting, 76. 

common pressure, in mines, 
of, 85. 



Air for sanitary pnrposes, 90L 
measurements, 97. 
quantity per horse, 91. 
quantity per lamp, 91. 
quantity per man, 128. 
Airways, perimeter of, 42. 

sectional area of, 42. 
different lengths of, 59. 
addition of, 85. 
enlargement of, 92, 97. 
Anemometers, 99. 

varieties of, 99. 
Aneroid barometer, 105. 
Area, 42. 

and quantity, 61. 
Aniold, Mr., 98. 
Asphyxia, treatment of, 130. 
Atkinson, Sir John, 47, 49. 
Atmosphere, thickness of, 1. 
pressure of, 2. 
variations of, 27. 
Barometer, discoveiy of, 2. 

correction for, 104. 
use of, 106. 

135 



186 



INDEX. 



Barometer, sudden fall, 106. 
Belgium Commission, 37. 
Bends in airways, 41, 70. 
Berad, 4. 
Black-damp, 9. 
Black Hole of Calcutta, 9. 
Blood, circulation of, 9. 
Blowers, 15, 76. 
Blown-out shots, 94. 
Boty safety-lamp, 36. 
Box, Mr., 129. 
Brattice, wooden, 69. 

cloth, 70. 
Briam's anemometer, 100. 
Buddie, Mr., 30, 76. 
Candles in mines, 30. 
Carbonic acid in atmosphere, 1. 

exhaled, 8. 

composition of, 9, 90. 

diffusion of, 10. 

properties of, 10. 

sources of, 10. 

fatal nature of, 11. 
Carbonic oxide, 12. 

fatal effects of, 13. 
Centrifugal ventilators, 110, 115. 
Changes of temperature, 28. 
Champion ventilator, 111. 
Chesterfield and Derbyshire Insti- 
tute of Mining Engineers, 113. 
Choke-damp, 9. 
Circular airways, 43. 
Clanny safety-lamp, 31. 
Coal-dust in dry minesi 95. 



Coal-dust explosions, 94. 
Co-efficient of friction, 47. 
" Colliery Guardian," 94. 
Colliery warnings, 108. 
Comparative economy of furnace 

and fan, 117. 
Comparison of fans. 111. 

of air and gases, 4. 
Composition of air, 3. 

of black-damp, 9. 
of white-damp, 12. 
of sulphuretted hy- 
drogen, 13. 
of fire-damp, 14. 
Compressed air in mines, 69. 
Contractions in airways, 97. 
Correction for anemometer, 100. 

for barometer, 104. 
Cost of ventilation, 91, 118. 

by fan, 92, 118. 
by furnace, 92, 
118. 
Darlington's testimony, 37. 
Davy's experiments, 15. 

lamp, 32. 
Daubisson, M., 53. 
Defective ventilation, 10, 17, 73. 
De la Roche, M., 4. 
Deputy lamp, 37. 
Design of ventilation, 97. 
Detection of fire-damp with can- 
dle, 30. 
Detection of fire-damp with safety- 
lamp, 39. 



INDBX. 



187 



Diagram of engine^ 101. 
Dip ventilation, 28. 
Discharge tlirougli pipes, 54. 

througli thin plates, 54. 
of gas, 95. 
Distribution of air, 73, 84. 
Division of air, 77. 
Doors, 74. 
Drag in mines, 44. 
Drift measurements, 102. 

ventilation, 69. 
Dunn, Mr., 129. 
Duty of miners, 92. 
Economy of furnace and fan, 120. 

of splits, 80. 
Effective horse-power, 103. 
Efficient ventilation, 96. 
Efficiency of fan, 109. 

of furnace, 109. 
Eloin safety-lamp, 36. 
Enlargement of airways, 92, 97. 
Estimating air for mines, 88. 
Expansion of gases, 19. 
Experiments with anemometer, 99. 
with fan and furnace, 

117. 
with fire-damp, 15. 
with safety-lamps, 37, 
38. 
Explosions, 92. 

indications of (theo- 
ry), 108. 
Face-airing, 71. 
Fan, impediments to, 28. 



Fan, hand, 09. 

economy of, 92, 218. 
drift, 103. 112. 
Guibal, 115. 
Waddle, 116. 
useful effect of, 110. 
sizes of, 117. 
shutter, 117. 
experiments, 119. 
Faraday* s estimates, 7. 
Fire-damp, 14. 

Davy on, 15. 
discharges of, 16. 
detection of, .39. 
Fire-proof brattice-cloth, 70. 
Force, estimation of, 44. 
Formula for cubic foot of air, 
20. 
for total pressure, 50. 
for pressure, 50. 
for motive-column, 26, 51. 
for water-gauge, 52. 
for quantity, 52. 
for units of work, 52. 
for horse-power, 52. 
Formulas, 49, 121. 
Foster, T. J., 129. 
Frankland, Dr., 3. 
Free fall, 22. 
Friction, 41. 

and area, 43. 
co-efficient of, 47. 
to overcome, 44. 
and pressure, 59. 



188 



INDEX. 



Friction and power, 55. 

dependent on, 59. 
and velocity, 61. 
and water-gauge, 68, 112. 
Furnace, principle of, 24. 
position of, 24. 
power of, 27. 
economy of, 92, 118. 
danger of, 109. 
Galileo, 2. 
Galloway Royal Society's Journal, 

39. 
Gases, specific gravity of, 4. 
nitrogen, 5. 
oxygen, 7. 
carbonic acid, 9. 
oxide, 12. 

hydrogen sulphide, 14. 
marsh-gas, 14. 
hydrosulphuric-acid gas, 14. 
proto - carburetted hydro- 
gen, 14. 
light carburetted hydrogen, 

14. 
hydride of methyl, 14. 
expansion of, 19. 
chief characteristics, 19. 
Gay-Lussac, 53. 
Goodwin, Mr., 128. 
government warnings, 108. 
Gravity, action of, 22. 
Guibal, M., experiments of, 99. 
fan experiments, 11^. 
fan, 115. 



Guibal, M.y fan in United States, 

117. 
chinmey, 116. 
Gunpowder, 94. 
Gunpowder, charge of, 96. 

use of, 96. 
Hall's lamp, 36. 
report, 94. 
Hand fans, 69. 
Head of air, 25. 
Headings, 72. 
Heart, action of, 9. 
Heat of shafts, 24. 
Hedley, Mr., 129. 
Horse-power, 52. 

effective, 103. 

nominal, 103. 
Hot air, 23. 
Howe, R., 113. 
Hutchinson, Mr., 128. 
Hydrosulphuric-acid gas, 14. 
Improvements in safety-lamps, 34* 
Illuminating power of, 36. 
Improvements in ventilation, 78. 

in fans, 110. 
Indicated horse-power, 101. 
Indicator-cards, 103. 
Inertia, 41. 
Influence of air, 5. 
Injustice to men, 96. 
Inspectors, 92. 
Irregular airways, 85. 
Large airways, 92. 
Laughing-gas, 6. 



IKDEX. 



139 



Laws of air In minesy 53. 

of ventilation, 92. 
Le Blanc, 10. 
litability of miner, 93. 
Limits of velocity, 89. 
Lundhill, 73. 
Lungs, action of, 8. 

capacity, 130. 
Measurements of air by anemome- 
ter, 99. 
fan, lOL 
of air, 97. 
Mackworth, H., 129. 
Magnus, 53. 

Managers' Ignorance, 92. 
Maps of ventilation, 4. 
Mariotte's law, 2. 
Marsh-gas, 15. 

properties of, 15. 
explosive mixtures, 15. 
Mercury, weight of, 15. 
Meyer, Dr., 12. 
Miners' asthma, 11. 
Mines with one orifice, 69. 
with two orifices, 72. 
Momentum, 41. 
Morison safety-lamp, 38. 
Motive-col unm, 25. 

calculation of, 27. 
Movement of air, 23, 43. 
Mueseler lamp, 35. 
Murphy fan, 111. 
Natural ventilation, 23. 
Nitrogen, 5. 



Nitrogen compounds, 6. 
Nixon ventilator, 110. 
Nominal horse-power, 10;?. 
North of England Institute, 38, lia 
Oxygen, 7. 

necessity of, 8. 

consiuuption of, 9. 

starvation, 11. 
Orifice of discharge, 54. 
Parish safety-lamp, 36. 
Peclet, 53. 

Pennsylvania mine laws, 129. 
Perimeter, 42. 
Permanent stoppings, 74. 
Phillips, Professor, 129. 
Pneumatic paradox, 26. 
Poisonous gases, 10, 12, 13. 
Position of downcast, 24. 

of fan, 28. 

of upcast, 28. 

of furnace, 24, 28. 
Power of winds, 29. 

increase of, 56. 
^ventilating, 55. 
Pressure of air, 2, 85. 

and water-gauge, 46. 

total, 50. 

per square foot, 50. 

ventilating, 54. 

defined, 55. 

and length, 57. 

and perimeter, 57. 

and area, 58. 

and friction, 59. 



140 



INDEX. 



Pressure and volume, 61. 
Prevention of explosions, 92. 
Problems, 124. 
Properties of air, 40. 
Proto-carburetted hydrogen, 14. 
Quantity, formula for, 52. 
and area, 61. 
and development, 76. 
for mines, 88. 
Rebreathing air, 9, 91. 
Regnault, 53. 
Regulators, 74, 76. 

to find size of, 83. 
Reports of North of England Ins- 
titute of Mining Engin- 
eers, 38. 
of Belgium Commission, 

37. 
of Chesterfield and Derby- 
shire, 113. 
of Mr. Hall, 94. 
of N. Wood, 37. 
Resistances to circulation,' 23. 
Richardson's estimate, 91. 
Risca, 73. ^ 

Rubbing-surface, 42. 

and friction, 47. 
Safety-lamps, discovery of, 31. 
improvements, 34. 
varieties, 34, 93. 
illuminating power 

of, 36. 
reports on, 37, 38. 
use of, 39. 



Scientific ventilation, 88. 
Single air currents, 77. 
Shaft, ventilation of, 24, 69. 

temperature of, 24. 

position of, 28. 
Shot-firing, 96. 
Sliding shutters, 76. 
Specific gravity, 4. 
Spiral fan casing, 117. 
Splitting the current, 76. 

advantages of, 79. 
effect of, 82. 
South Shields Committee, 37. 
Steam-jets, 28, 109. 
Steel mill, 31. 
Stephenson, Sir George, 32. 

lamp of, 32. 
Stoppings, 74. 
Struve ventilator, 110. 
Stythe, 9. 

Sulphuretted hydrogen, 13. 
Sulphuric-^cid gas, 14. 
Sulphuric ether, 98. 
Table for specific gravity, 4. 

for weight of air, 21. 

for velocity of winds, 29. 

for water-gauge, 46. 

for square root of water* 
gauge, 68. 

for air pressure, 107. 

for Guibal fan experiments, 
115. 
Tarred brattice-cloth, 70. 
Temperature, variation of, 2, 27 



INDEX. 



141 



Temperature and friction, 48. 

and barometer, 106. 
Temporary ventilation, 70. 
Tliick seams, advantage of, 96. 
Tliomas, J. W., 10, 16, 49. 
Tliroat of fan, 117. 
Torricelli, 2. 
Total pressure, 50. 
Units of work, 52. 
Upcast shafts, 24, 28. 
Useful effect of air-boxes, 71. 
of engines, 103. 
of fan, 101, 116. 
Velocity of air, 29. 

theoretical, 23, 47. 
and head, 47. 
and pressure, 54. 
and friction, 61. 
Vena contracta, 54. 
Ventilation, 23. 

natural, 24, 69. 
furnace, 24. 
laws of, 53. 
pressure of, 54. 
power, 55, 103. 
shaft, 69. 
drift, 69. 

cost of increasing, 77. 
economy of, 88. 



Ventilation, cost of 91. 

of fiery mines, 90. 
an'angements for, 91. 
measurement of, 97. 
mechanical, 110. 
water-fall, 110. 
Volume and pressure, 53, 61. 
and length, 59. 
and area, 60. 
and perimeter, 60. 
and rubbing-surface, 60. 
Water-gauge, 44. 

use of, 45. 
as a check, 45. 
and pressure, 46, 69k 
formulas for, 52. 
table of, 68. 
and fans, 112. 
Weight of mercury, 3. 

of black-damp, 9. 
of fire-damp, 14. 
of air, 19. 
of water, 44. 
Wliite-damp, 12. 
Williamson's lamp, 36. 
Winds an impediment, 28. 

velocity and power of, 20. 
Wood, Mr. N., 37. 



4 


oo 


4 


oo 


5 


oo 


7 


50 


4 


00 


3 


00 


I 


50 


3 


50 


2 


00 


3 


00 


6 


00 


6 


50 


5 


00 


5 


50 


3 


00 


4 


00 


2 


50 


I 


25 


X 


00 



Kidder's Architects* and Builders' Pocket-book. Rewritten Edition. x6mo,mor.p 5 00 

Merrill's Stones for Building and Decoration Svo, 5 oo 

Non-metallic Minerals: Their Occurrence and Uses 8yo, 

Monckton's Stair-building 4tOp 

I^tton's Practical Treatise on Foundations. 8vo, 

Peabody's Naval Architecture 8to, 

Richey's Handbook for Superintendents of Construction z6nio, mor., 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 

Siebert and Biggin's Modem Stone-cutting and Masonry. 8vo, 

Snow's Princi]»al Species of Wood 8vo, 

Sondericker's Graphic Statics with Applications to Trusses, Beams, and Arches. 

8vo, 

Towne's Locks and Builders' Hardware z8mo, morocco. 

Wait's Engineering and Architectural Jurisprudence 8vo, 

Sheep, 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture ', 8vo, 

Sheep, 

Law of Contracts 8vo, 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .8vo, 

Woodbury's Fire Protection of Mills 8vo, 

Worcester and Atkinson's Small Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small HospitaL 

z2mo, 
The World's Columbian Exposition of 1893 Large 4to, 

ARMY AND NAVY. 

Bemadou's Smokeless Powder, Nitro-cellulose, and the Theory of the Cellulose 
Molecule i2mo, 

* Bruff's Text-book Ordnance and Gunnery 8yo, 

Chase's Screw Propellers and Marine Propulsion 8vo, 

Cloke's Gtmner's Examiner. (In press.) 

Craig's Azimuth 4to, 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 

Cronkhite's Gunnery for Non-commissioned Officers 24mo, morocco, 

* Davis's jglements of Law. 8vo, 

* Treatise on the Military Law of United States 8vo, 

Sheep, 

De Brack's Cavalry Outposts Duties. (Carr.) 24mo, morocco, 

Dietz's Soldier's First Aid Handbook z6mo, morocco, 

* Dredge's Modem French Artillery 4to, half morocco, 

Durand's Resistance and Propulsion of Ships 8vo, 

* Dyer's Handbook of Light Artillery. i2mo, 

Eissler's Modem High Explosives 8vo, 

* Fiebeger's Text-book on Field Fortification Small 8vo, 

Hamilton's The Gunner's Catechism i8mo, 

* Hofl's Elementary Naval Tactics .8vo, 

Ingalls's Handbook of Problems in Direct Fire 8vo, 

* Ballistic Tables 8vo, 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and H. . 8vo, each, 

* Mahan's Permanent Fortifications. (Mercur.) 8vo, half morocco. 

Manual for Courts-martial z6mo, morocco, 

* Mercur's Attack of Fortified Places i2mo, 

* Elements of the Art of War. .8vo, 

Metcalf's Cost of Manufactures— And the Administration of Workshops. .8vo, 

* Ordnance and Gunnery. 2 vols lamo, 

Murray's Infantry I>rill Regulations i8mo, paper, 

*" -^n's Adjutaxits' Manual. '....,,...... 24mo, 

-^'s Naval' Axchitecture.. 8vo, 

8 



2 


SO 


6 


00 


3 


00 


3 


50 


3 


00 


2 


00 


2 


SO 


7 


00 


7 


SO 


2 


00 


I 


25 


rs 


00 


5 09 


3 


00 


4 


00 


2 


00 


I 


00 


Z' 


so 


4 


00 


z 


SO 


6 


00 


7 SO 


z 


50 


2 


00 


4 


00 


5 


00 


5 


00 




zo 


z 


00 


7 S« 



* I'helps's Practical Marine Stirveying 8vo, a 50 

Powell'g Army Officer's Examiner lamo, 4 00 

Sharpens Art of Subsisting Armies in War iSmo^ morocco, i 50 

* Walke's Lectures on Explosives 8yo» 4 00 

* Wheeler's Siege Operations and Military Mining. 8vo, 2 00 

Winthrop's Abridgment of Military Law zamo, a 50 

WoodhuU's Notes on Military Hjrgiene i6mo, z 50 

Young's Simple Elements of Navigation z6mo, morocco, z 00 

Second Edition, Enlarged and Revised z6mo, morocco, a 00 

ASSAYING. 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

zamo, morocco, z 50 

Furman's Manual of Practical Assaying 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments 8vo, 3 00 

Miller's Manual of Assaying zamo, z 00 

O'Driscoll's Notes on the Treatment of Gold Ores 8vo, a 00 

Ricketts and Miller's Notes on Assaying 8vo, 3 00 

Ulke's Modem Electrolytic Copper Refining. 8vo, 3 00 

Wilson's Cyanide Processes zamo, z 50 

Chloriziation Process zamo, z 50 

ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, a 50 

Craig's Azimuth 4to, 3 50 

DooUttle's Treatise on Practical Astronomy 8vo. 4 00 

Gore's Elements of Geodesy 8vo, a 50 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 00 

Merriman's Elements of Precise Surveying and Geodesy 8vo, a 50 

* Michie and Harlow's Practical Astronomy 8vo, 3 00 

* White's Elements of Theoretical and Descriptive Astronomy zamo, a 00 

BOTAmr. 

Davenport's Statistical Methods, with Special Reference to Biological Variation. 

z6mo, morocco, z as 

Thom^ and Bennett's Structural and Physiological Botany. z6mo, a as 

Westerznaier's Compendiuzn of General Botany. (Schneider.) 8vo, a 00 

CHEMISTRY. 

Adriance's Laboratory Calculations and Specific Gravity Tables zamo, z as 

Allen's Tables for Iron Analysis 8vo, 3 00 

Arnold's Compendium of Chemistry. (Mandel.) Siziall 8vo, 3 50 

Austen's Notes for Cheznical Students zamo, z 50 

Bemadou's Smokeless Powder. — ^Nitro-ceUulose, and Theory of the Cellulose 1 

Molecule zamo, a 50 

Bolton's Quantitative Analysis. 8vo. z 50 

* Browning's Introduction to the Rarer Elements. 8vo, z 50 

Brush and Penfield's Manual of Determinative Mineralogy. 8vo, 4 00 

Classen's Quantitative Chemical Azialysis by Electrolysis. (Boltwood.). .8vo, 3 00 

Cohn's Indicators and Test-papers zamo, a 00 

Tests aad Reagents 8vo, 3 00 

Crafts's Short Course in Qualitative Chezziical Analysis. (Schaefifer.). . . zamo, z 50 
Dolezalek's Theory of the Lead Accumulator (Storage * Battery). (Von 

Ende.) zamo, a 50 

Drechsel's Chemical Reactions. (Merrill.) zamo, z as 

Duhem's Thermodynaznics and Chemistry. (Burgesa.) 8vo. 4 00 

Eissler's Modem High Explosives 8vo, 4 00 

£fibx>nt's Enzymes and their Applications. (Prescott) 8vo, 3 00 

Erdmann's Introduction to Chemical Preparations. (Dunlap.) zamo, z as 

8 



[•W A. 



Fletcher's Practical Instructions in Quantitative Assajring with the Blowpipe. 

zamo, morocco, i 50 

Fewler's Sewage Works Analyses lamo, 2 00 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) 8vo, 5 00 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.) 8vo, 3 oe 

System of Instruction in Quantitative Chemical Analysis. (Cohn.) 

a vols •. 8vo, 12 50 

Fuertes's Water and Public Health zamo, i 50 

Furman's Manual of Practical Assaying 8vo, 3 00 

* Getman's Exercises in Physical Chemistry zamo, a 00 

Gill's Gas and Fuel Analysis for Engineers lamo, z 25 

Crotenfelt's Principles of Modem Dairy Practice. (WoU.) zamo, a 00 

Hammarsten's Text-book of Physiological Chemistry. (MandeL) 8vo, 4 00 

Helm's Principles of Mathematical Chemistry. (Morgan.) zamo, z 50 

Hering's Ready Reference Tables (Conversion Factors) z6mo, morocco, a 50 

Hind's Inorganic Chemistry 8vo, 3 00 

* Laboratory Manual for Students zamo, 75 

Holleman's Text-book of Inorganic Chemistry. (Cooper.) .8vo, a 50 

Text-book oT Organic Chemistry. ' (Walker and Mott.) 8vo, a 50 

* Laboratory Manual of Organic Chemistry. (Walker.) zamo, i 00 

Hopkins*s Oil-chemists* Handbook 8vo, 3 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, z 25 

Keep's Cast Iron 8vo, a 50 

Ladd's Manual of Quantitative Chemical Analysis zamo, z 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

* Langworthy and Austen. The Occurrence of Aluminium in Vege'able 

Products, Animal Products, and Natural Waters 8vo, a 00 

Lassar-Cohn's Practical Urinary Analsrsis. (Lorenz.) zamo, z 00 

Application of Some General Reactions to Investigations in Organic 

Chemistry. (Tingle.) zamo, z 00 

Leach's The Inspection and Analysis of Food with Special Reference to State 

ControL 8vo, 7 50 

Lob's Electrolysis and Electrosynthesis of Organic Compounds. (Lorenz. ).z2mo, z 00 

Lodge's ITotes on Assaying and Metallurgical Laboratory Experiments. .. .8vo, 3 00 

Lunge*s Techno-chemical Analysis. (Cohn.) zamo, z 00 

Mandel's Handbook for Bio-chemical Laboratory zamo, z 50 

* Martin's Laboratory Guide to Qxialitative Analysis with the Blowpipe . . zamo, 60 
Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.) 

3d Edition, Rewritten 8vo, 4 00 

Examination of Water. (Chemical and BacteriologicaL) zamo, x 35 

Matthew's The Textile Fibres 8vo, 3 50 

Meyer's Determination of Radicles in Carbon Compounds. (Tingle.), .zamo, z 00 

Miller's Manual of Assaying zamo, x 00 

Mixter's Elementary Text-book of Chemistry. zamo, i 50 

Morgan's Outline of Theory of Solution and its Results zatao, x 00 

Elements of Physical Chemistry z2mo, 2 00 

Morse's Calculations used in Cane-sugar Factories z6mo, morocco, i 50 

Mulliken's General Method for the Identification of Pure Organic Compounds. 

Vol. I Large 8vo, 5 00 

O'Brine's Laboratory Guide in Chemical Analysis 8vo, 2 oe 

O'DriscoU's ICotes on the Treatment of Gold Ores 8vo, a 00 

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) z2xzio» i 54 

Ostwald's Conversations on Chemistry. Part Two. (TumbulL). (In Press.) 

* Penfield's Ifotes on Determinative Mineralogy and Record of Mineral Tests. 

8vo, paper, 50 

Pictet's The Alkaloids and their Chemical Constitution. (Biddle.) 8vo, 5 00 

Pinner's Introduction to Organic Chemistry. (Austen.) zamo, z 50 

Poole's Calorific Power of Fuels 8vo, 3 00 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis zazno, 1 25 

4 



* Reisig's Guide to Piece-dyeiog. . . 8vo, 25 00 

Richards and Woodman's Air, Water, and Food from a Sanitary Standpoint 8vo, 2 00 

Richards's Cost of Living as Modified by Sanitary Science zamo, z 00 

Cost of Food, a Study in Dietaries z2mo, z 00 

* Richards and Williams's The Dietary Computer 8to, z 50 

Ricketts and RusseU's Skeleton Ifotes upon Inorganic Chemistry. (Part I. 

Non-metallic Elements.) 8yo, morocco, 75 

Ricketts and Miller's Notes on Assaying. 8vo, 3 00 

Rideal's Sewage and the Bacterial Puriflcat'.on of Sewage 8vo, 3 50 

Disinfection and the Preservation of Food 8vo, 4 00 

Rigg's Elementary Manual for the Chemical Laboratory 8vo, z 25 

Rostoski's Serum Diagnosis. (Bplduan.) z2mo, z 00 

Ruddiman's Incompatibilities in Prescriptions 8vo, 2 00 

Sabin's Industrial and Artistic Technology of Paints and Varnish. 8vo, 3 oe 

Salkowski's Physiobgical and Pathological Chemistry. (Omdorff.) 8vo, 2 50 

Schimpf's Text-book of Volumetric Analysis z2mo, 2 50 

Essentials of Volumetric Analysis z2mo, z 25 

Spencer's Handbook for Chemists of Beet-sugar Houses z6mo, morocco, 3 00 

Handbook for Sugar Manufacturers and their Chemists. . z6mo, morocco, 2 00 

Stockbridge's Rocks and Soils 8vo, 2 50 

* Tillman's Elementary Lessons in Heat 8vo, z so 

* Descriptive General Chemistry 8vo, 3 00 

Treadwell's Qualitative Analysis. (HalL) 8vo, 3 00 

Quantitative Analysis. (HalL) 8vo, 4 00 

Tumeaure and Russell's Public Water-supplies 8vo, 5 00 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) z2mo, z 50 

* Walke's Lectures on Explosives 8vo, 4 oa 

Washington's Manual of the Chemical Analysis of Rocks 8vo, 2 00 

Wassermann's Immune Sera : Haemolysins, Cytotoxins, and Precipitins. (Bol- 

duan.) * z2mo, z 00 

Well's Laboratory Guide in Qualitative Chemical Analysis 8vo, z 50 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 

Students z2mo, z 50 

Text-book of Chemical Arithmetic. (In press.) 

Whipple's Microscopy of Drinking-water 8vo, 3 50 

Wilson's Cyanide Processes z2mo, z 5a 

Chlorination Process z2mo, z 50 

Wttlling's Elementary Course in Inorganic, Pharmaceutical, and Medical 

Chemistry z2mo, 2 00 

CIVa ENGINEERING. 
BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEERING. 

RAILWAY ENGINEERING. 

Baker's Engineers' Surveying Instruments z2mo, 

Bixby's Graphical Computing Table Paper 19^X24^ inches. 

** Burr's Ancient and Modem Engineering and the Isthmian CanaL (Postage, 

27 cents additional.) 8vo, 

Comstock's Field Astronomy for Engineers. 8vo, 

Davis's Elevation and Stadia Tables. 8vo, 

Elliott's Engineering for Land Drainage z2mo. 

Practical Farm Drainage z2mo, 

Fiebeger's Treatise on Civil Engineering. (In press.) 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 

Freitag's Architectural Engineering. 2d Edition, Rewritten 8vo, 

French and Ives's Stereotomy 8vo, 

Goodhue's Municipal Improvements i2mo, 

Goodrich's Economic Disposal of Towzis' Refuse 8vo, 

Gore's Elements of Geodesy. 8vo, 

Hayford's Text-book of Geodetic Astronomy Svo, 

Bering's Ready Reference Tables (Conversion Factors) z6mo, morocco, 
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Howe's Ratalning Walls for Earth xamo, 

Johnson's (J. B.) Theory and Practice of Surveying. Small 8vo, 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods .8vo, 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory. ) . X2mo, 
Mahan's Treatise on Civil Engineering. <x873.) (Wood.) 8vo, 

* Descriptive Geometry. 8vo, 

Merriman's Elements of Precise Surveying and Geodesy 8vo> 

Elements of Sanitary Engineering. 8vo, 

Herriman and Brooks's Handbook for Surveyors. x6mo-, morocco, 

Vugent's Plane Surveying. 8vo, 

Ogden's Sewer Design xamo, 

Patton's Treatise on Civil Engineering. 8vo half leather, 

^ed's Topographical Drawing and Sketching 4to, 

Rideal's Sewage and the Bacterial Purification of Sewa(.d. 8vo, 

Siebert and Biggin's Modern Stone-cutting and Masonry 8vo, 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 

Sondericker's Graphic Statics, with Applications to Trusses, Beams, and Arches. 

8vo, 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 

* Trautwine's Civil Engineer's Pocket-book i6mo, morocco. 

Wait's Engineering and Architectural Jurisprudence 8vo, 

Sheep, 

Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 

Sheep, 
Law of Contracts 8vo, 

Warren's Stereotomy — ^Problems in Stone-cutting 8vo, 

Webb's Problems in the Use and Adjustment of Engineering Instruments. 

lomo, morocco, 

* Wheeler s Elementary Course of Civil Engineering 8vo, 

Wilson's Topographic Surveying v 8vo, 

BRIDGES ATJfD ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges . . 8vo, 

* Thames River Bridge 4to, paper. 

Burr's Course on the Stresses in Bridges and Roof Trusses, Arched Ribs, and 
Suspension Bridges 8vo, 

Burr and Falk's Influence Lines for Bridge and Roof Computations. . . .8vo, 

Du Bois's Mechanics of Engineering. Vol. II Small 4to, 

Foster's Treatise on Wooden Trestle Bridges 4to, 

Fowler's Ordinary Foundations 8vo, 

Greene's Roof Trusses 8vo, 

Bridge Trusses 8vo, 

Arches in Wood, Iron, and Stone 8vo, 

Howe's Treatise on Arches 8vo, 

Design of Simple Roof-trusses in Wood and Steel 8vo, 

Johnson, Bryan, and Turneaure's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to, lo oo 

Herriman and Jacoby's Text-book on Roofs and Bridges: 

Part I. Stresses in Simple Trusses 8vo, 

Part n. Graphic Statics 8vo. 

Part m. Bridge Design .8vo, 

Part IV. Higher Structures 8vo, 

Horison's Memphis Bridge .^ 4to, 

Waddell's De Pon^bus, a Pocket-book for Bridge Engineers. . x6mo, morocco. 

Specifications for Steel Bridges ismo. 

Wood's Treatise on the Theory of the Construction of Bridges and Roofs. .8vo, 
Wright's Designing of Draw-spans : 

Part I. Plate-girder Draws 8vo, 

Part n. Riveted-truss and Pin-connected Long-span Draws 8vo, 

Two parts in one volume 8vo, 

6 



X 


^ 


4 


OO 


2 


OO 


2 


oo 


5 


OO 


X 


50 


2 


so 


2 


00 


2 


00 


3 


50 


2 


00 


7 


so 


5 


00 


3 


50 


X 


50 


2 


50 


2 


00 


5 


00 


5 


00 


6 
6 


00 

50 


5 
5 
3 


oe 
50 
00 


2 


50 


I 


25 


4 


00 


3 


50 


2 


00 


5 


00 


3 


50 


3 


00 


10 


00 


5 


00 


3 


50 


I 


25 


2 


50 


2 


50 


4 


00 


2 


00 



2 


50 


2 


50 


2 


50 


2 


50 


xo 


00 


3 


00 


X 


25 


2 


0? 


2 


50 


2 


50 


3 


50 



HTDRAl^LICS. 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo, 2 00 

Bovey's Treatise on Hydraulics 8vo, 5 00 

Church's Mechanics of Engineering 8to, 6 00 

Diagrams of Mean Velocity of Water in Open Channels paper, i 50 

Coffin's Graphical Solution of Hydraulic Problems i6mo, morocco, 2 50 

Plather's Dynamometers, and the Measurement of Power iimo, 3 00 

Folwell's Water-supply Engineering. 8vo, 4 00 

Frizell's Water-power 8vo, 5 on 

Fuertes's Water and Public Health. x3mo, i 50 

Water-filtration Works lamo, 2 50 

Oanguillet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) 8vo 4 00 

Hazen's Filtration of Public Water-supply 8vo, 3 00 

Hazlehurst's Towers and Tanks for Water-works 8vo, 2 50 

Herschel's 115 Experiments on the Carrying Capacity of Large* Riveted, Metal 

Conduits 8vo, 2 00 

Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 4 o« 

Merriman's Treatise on Hydraulics 8vo, 5 00 

* Michie's Elements of Analytical Meclranics 8vo, 4 00 

Schuyler's Reservoirs for Irrigaticn, Water-power, and Domestic Water- 
supply Large 8vo, 5 00 

** Thomas and Watt's Improvement of Rivers. (Post, 44c. additionaL).4to, 6 00 

Tumeaure and Russell's Public Water-supplies 8vo, 5 00 

Wegmann's Design and Construction of Dams 4to, 5 00 

Water-supply of the City of New York from 1658 to 1895 4to, 10 00 

Wilson's Irrigation Engineering Small 8vo, 4 00 

Wolflf's Windmill as a Prime Mover 8vo, 3 00 

Wood's Turbines , 8vo, 2 5« 

Elements of Analytical Mechanics ^ « ^ 8vo, 3 00 

MATERIALS OF ENGINEERING. 

Baker's Treatise on Masonry Construction . .8vo, 5 00 

Roads and Pavements 8vo, 5 00 

Black's United States Public Works .Oblong 4to* 5 00 

Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 7 so 

Byrne's Highway Construction 8vo, 5 00 

Inspection of the Materials and Workmanship Employed in Construction. 

z6mo, 3 09 

Church's Mechanics of Engineering 8vo, 6 00 

Du Bois's Mechanics of Engineering. VoL I Small 4to, 7 50 

Johnson's Materials of Construction Large 8vo, 6 00 

Fowler's Ordinary Foundations 8vo, 3 50 

Keep's Cast Iron 8vo, 2 50 

Lanza's Applied Mechanics 8vo, 7 50 

Marten's Handbook on Testing Materials. (Henning.) 2 vols 8vo, 7 50 

Merrill's Stones for Building and Decoration 8vo, 5 00 

Merriman's Text-book on the Mechanics of Materials 8vo, 4 00 

Strength of Materials i2mo, z 00 

Metcalf 's Steel. A Manual for Steel-users i2mo, 2 00 

Patton's Practical Treatise on Foundations ^ ..Svo, 5 o« 

Richardson's Modem Asphalt Pavements 8yo, 3 oo 

Richey's Handbook for Superintendents of Construction lOmo, mor., 4 00 

Rockwell's Roads and Pavements in France z2mo, z 2% 
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Sftbin'a Industrial and Artistic Technology of Paints and Varnish. Svo, 3 o9 

Smith's Materials of Machines lamo, z 00 

Snow's Principal Species of Wood. 8yo, 3 so 

Spalding's Hydraulic Cement zamo, a 00 

Text-book on Roads and Pavements. zamo, a 00 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced. 8vo, 5 00 

Thurston's Materials of Engineering. 3 Parts 8yo, 8 00 

Part I. Ifon-metallic Materials of Engineering and Metallurgy 8yo, a 00 

Part n. Iron and SteeL 8yo, 3 50 

Part m. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8to, a 50 

Thurston's Text-book of the Materials of Construction. 8yo, 5 00 

TiUson's Street Pavements and Paving Materials 8vo, 4 00 

Waddell's De Pontibus. ( ^ Pocket-book for Bridge Engineers.) . . z6mo, mor., 3 00 

Specifications for Stc 1 Bridges zamo, z 35 

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber 8vo, a 00 

Wood's (De V.) Elements of Analytical Mechanics 8vo, 3 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel. 8vo, 4 00 

RAILWAY ENGINEERING. 

Andrew's Handbook for Street Railway Engineers 3x5 inches, morocco, z 35 

Berg's Buildings and Structures of American Railroads 4to, 5 00 

Brook's Handbook of Street Raihoad Location. z6mo, morocco, z 50 

Butt's Civil Engineer's Field-book z6mo, morocco, 3 50 

Crandall's Transition Curve z6mo, morocco, z 50 

Railway and Other Earthwork Tables 8vo, z 50 

Dawson's ''Engineering" and Electric Traction Pocket-book. . z6mo, morocco, 5 00 

Dredge's History of the Pennsylvania Railroad: (Z879) Paper, 5 00 

* Drinker's Tunnelling, Explosive Compounds, and Rock Drills. 4to, half mor., 25 oo 

Fisher's Table of Cubic Yards Cardboard, 35 

Godwin's Railroad Engineers' Field-book and Explorers' Guide. . . z6mo, mor., 3 50 

Howard's Transition Curve Field-book z6mo, morocco, z 50 

Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments 8vo, z 00 

Molitor and Beard's Manual for Resident Engineers z6mo, z 00 

Nagle's Field Manual for Railroad Engineers. z6mo, morocco, 3 00 

Philbrick's Field Manual for Engineers z6mo, morocco, 3 oo 

Searles's Field Engineering. z6mo, morocco, 3 00 

Railroad Spiral. z6mo, morocco, z 5a 

Taylor's Prismoidal Formulae and Earthwork 8vo, z 5a 

* Trautwine's Method of Calculating the Cube Contents of Excavations and 

Embankments by the Aid of Diagrams 8vo, 3 00 

The Field Practice of Laying Out Circular Curves for Railroads. 

Z3mo, morocco. 

Cross-section Sheet Paper, 

Webb's Railroad Construction i6mo, morocco, 

Wellington's Economic Theory of the Location of Railways. Small 8vo, 

DRAWING. 

Barr's Kinematics of Machinery 8vo, 

* Bartlett's Mechanical Drawing 8vo, 

* " " " Abridged Ed. ; 8vo, 

Coolidge's Manual of Drawing 8vo, paper 

Coolidge and Freeznan's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to, 

Durley's Kinematics of Machines 8vo, 

igjnch's Introduction to Projective Geometry and its Applications 8v6. 
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Hill's Text-book on Shades and Shadows, and Perspective. 8vo, 

Jamison's Elements of Mechanical Drawing:. , 8yo, 

Jones's Machine Desifn: 

Part I. , Kinematics of Machinery 8vo, 

Part n. Form, Strength, and Proportions of Parts. 8yo, 

MacCord's Elements of Descriptive Geometry. 8vo, 

Elinematics; or. Practical Mechanism 8vo, 

Mechanical Drawing 4to, 

Velocity Diagrams 8vo, 

* Mahan's Descriptive Geometry and Stone-cuttiag. 8vo, 

Industrial Drawing. (Thompson.) 8vo» 

Moyer's Descriptive Geometry.. 8vo, 

Reed's Topographical Drawing and Sketching. 4to, 

Reid's Course in Mechanical Drawing. 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 

Robinson's Principles of Mechanism 8vo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Smith's Manual of Topographical Drawing. (McMillan.) Svo, 

Warren's Elements of Plane and Solid Free-hand Geometrical Drawing. lamo. 

Drafting Instruments and Operations iirxio.. 

Manual of Elementary Projection Drawing lamo, 

Manual of Elementary Problems in the Linear Perspective of Form and 

Shadow i2mo. 

Plane Problems in Elementary Geometry z2mo, 

Primary Geometry zamo, 

Elements of Descriptive Geometry, Shadows, and Perspective 8vo, 

Gener&l Problems of Shades and Shadows 8vo, 

Elements of Machine Construction and Drawing 8vo, 

Problems, Theorems, and Examples in Descriptive Geometry. 8vo, 

Weisbach's Kinematics and Power of Transmission. (Hermann and Klein)8vo , 

Whelpley's Practical Instruction in the Ait of Letter Engraving i2mo, 

Wilson's (H. M.) Topographic Stirveying 8vo, 

Wilson's (V. T.) Free-hand Perspective 8vo, 

Wilson's (V. T.) Free-hand Lettering 8vo, 

Woolf's Elementary Course in Descriptive Geometry. Large 8vo, 



ELECTRICITY AND PHYSICS. 

Anthony and Brackett's Text-book of Physics. (Magie.) Small 8vo, 

Anthony's Lecture-notes on the Theory of Electrical Measurements. . . . i2mo, 
Benjamin's History of Electricity 8vo, 

Voltaic CelL 8vo, 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 

Dawson's "Engineering" and Electric Traction Pocket-book. z6mo, morocco, 
Dolezalek's Theory of . the Lead Accumulator (Storage Battery). (Von 

Ende.) x2mo, 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 

Flather's Dynamometers, and the Measurement of Power z2mo, 

Gilbert's De Magnete. (Mottelay.) 8vo, 

Hanchett's Alternating Currents Explained i2mo, 

Hering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 

Holman's Precision of Measurements 8vo, 

Telescopic Mirror-scale Method, Adjustments, and Tests. . . .Large 8vo, 

Kinzbrunner's Testing of Continuous-Current Machines 8vo, 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 

Le Chatelien's High-temperature Measurements. (Boudouard — Burgess.) i2mo, 
Lob's Electrolysis and Blectrosynthesis of Organic Compounds. (Lorenz.) z2mo, 
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<^ Lyons'a Treatise on Electromaffnetic Phenomena. Vols. I. and n. 8yo, each, 6 oo 

* Michie's Elements of Wave Motion Relating to Sound and Light 8vo, 4 00 

Niaudet's Elementary Treatise on Electric Batteries. (Fishback.) lamo, 2 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Kinzbrunner.). . .8vo, i 50 

Ryan, Norris, and Hozie's Electrical Machinery. VoL L 8yo, a 50 

Thurston's Stationary Steam-engines 8vo, 3 50 

* Tillman's Elementary Lessons in Heat 8vo, i 50 

Tory and Pitcher's Manual of Laboratory Physics Small Svo, a 00 

Ulke's Modem Electrolytic Copper Refining. 8yo, 3 00 

LAW. 

1* Davis's Elements of Law. 8vo, 2 50 

* Treatise on the Military Law of United States. 8vo, 7 00 

* Sheep, 7 50 

Manual for Courts-martiaL '. . . « z6mo, morocco, i 50 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 30 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 50 

Law of Contracts. 8vo, 3 00 

Winthrop's Abridgment of Military Law Z2mo, 2 50 

MANUFACTURES. 

Bemadou's Smokeless Powder — Nitro-cellulose and Theory of the Cellulose 

Molecule zamo, 2 50 

Bolland's Iron Founder i2mo, 2 50 

"The Iron Founder," Supplement Z2mo, 2 50 

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the 

Practice of Moulding z2mo, 3 00 

Bissler's Modem High Explosives 8vo, 4 00 

Effront's Enzymes and their Apphcations. (Prescott.) 8vo, 3 00 

Fitzgerald's Boston Machinist z2mo, z 00 

Ford's Boiler Making for Boiler Makers. z8mo, z 00 

Hopkin's Oil-chemists' Handbook. 8vo, 3 00 

Keep's Cast Iron 8vo, 2 50 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control Large 8vo, 7 50 

Matthews's The Textile Fibres 8vo, 3 50 

Metcalf 's Steel. A Manual for Steel-users z2mo, 2 00 

Metcalfe's Cost of Manufactures — And the Administration of Workshops. 8vo, s 00 

Meyer's Modem Locomotive Construction 4to, 10 00 

Morse's Calculations used in Cane-sugar Factories z6mo, morocco, z 50 

* Reisig's Guide to Piece-dyeing 8vo, 25 00 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Smith's Press-working of Metals 8vo, 3 00 

Spalding's Hydraulic Cement z2mo, 2 00 

Spencer's Handbook for Chemists of Beet-sugar Houses. . . . z6mo, morocco, 3 00 

Handbook for Sugar Manufacturers and their Chemists. . z6mo, morocco, 2 00 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 5 00 

Thurston's Manual of Steam-boilers, their Designs, Construction and Opera- 
tion 8vo, 5 00 

* Walke's Lectures on Explosives 8vo, 4 00 

Ware's Manufacture of Sugar. (In press.) 

West's American Foundry Practice , Z2mo, 2 50 

Moulder's Text-book. z2mo, 2 50 
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Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Rtistless Coatings: Corrosion and Electrol]rsis of Iron and Steel. .8vo, 4 00 



MATHEMATICS* 

Baker's Elliptic Functions 8vo, x 50 

* Bass's Elements of Differential C^lcuhis xamo, 4 oo 

Briggs's Elements of Plane Analytic Geometry iimo, z too 

Compton's Manual of Logarithmic Computations i2mo, i 50 

Davis's Introduction to the Logic of Algebra Bvo, z 50 

* Dickson's College Algebra Large i2mo, x 50 

* Introduction to the Theory of Algebraic Equations Large i2mo, i 25 

Emch's Introduction to Projective Geometry and its Applications 8vo» 2 50 

Halsted's Elements of Geometry 8vo, i 75 

Elementary Simthetic Geometry 8vo, z 50 

Rational Geometry z2mo» z 75 

*j Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size.paper» 15 

zoo copies for 5 00 

* Mounted on heavy cardboard, 8 X 10 inches, 25 

zo copies for 2 00 

Johnson's (W. W.) Elementary Treatise on Differential Calculus. .Smah 8vo, -^ 00 

Johnson's (W. W.) Elementary Treatise on the Integral Calculus. Small 8vo, x 50 

Johnson's (W. W.) Curve Tracing in Cartesian Co-ordinates X2mo, x 00 

Johnson's (W. W.) Treatise on Ordinary and Partial Differential Equations. 

Small 8vo, 3 50 

Johnson's (W. W.) Theory of Errors and the Method of Least Squares. z2mo, x 50 

* Johnson's (W. W.) Theoretical Mechanics x2mo, 3 00 

I^aplace's Philosophical Essay on Probabilities. (Truscott and Emory.). x2mo, 200 

* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 3 00 

Trigonometry and Tables published separately Each, 2 00 

'* Ltfdlow's Logarithmic and Trigonometric Tables 8vo, i 00 

Haurer's Technical Mechanics 8v . , 4 00 

Herriman and Woodward's Higher Mathematics. 8vo, s 00 

Herriman's Method of Least Squares 8vo, 2 00 

Rice and Johnson's Elementary Treatise on the Differential Calculus. . Sm. 8vo, 3 00 

Differential and Integral Calculus. 2 vols, in one Small 8vo, 2 50 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Trigonometry: Analytical, Plane, and Spherical x2mo, x 00 



MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice i2mo, i 50 

Baldwin's Steam Heating for Buildings i2mo, 2 50 

Barr's Kinematics of Machinery. 8vo, 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

* " " ** Abridged Ed 8vo, x 50 

Benjamin's Wrinkles and Recipes x2mo, 2 00 

Carpenter's Experimental Engineering. 8vo, 6 00 

Heating and Ventilating Buildings 8vo, 4 00 

Cary's Smoke Suppression in Plants using Bituminous Coal. (In Prepara- 
tion.) 

Clerk's Gas and Oil Engine Small 8vo, 4 00 

Coolidge's Manual of Drawing. 8vo, paper, x 00 

CooUdge and Freeman's Elements of General Drafting for Mechanical En- 
gineers. ....,,,,,, Oblong 4to, 2 50 
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Cromwell's Treatise on Toothed Gearing x2mo, z 50 

Treatise on Belts and Pulleys x3mo, z 50 

I>ttrley's Kinematics of Machines 8to, 4 00 

Flather's Dynamometers and the Measurement of Power. zamo, 3 00 

'^ Rope Driving ' z2mo, a 00 

GUI's Gas and Fuel Analysis for Engineers z2mo, i 25 

Hall's Car Lubrication z2mo, z 00 

Bering's Ready Reference Tables (Conversion Factors) z6mo, morocco, 2 50 

Button's The Gas Engine 8vo, 5 00 

Jamison's Mechanical Drawing. 8vo, 2 50 

Jones's Machine Design : 

Part L Kinenuitics of Machinery. 8vo, z 50 

Part n. Form, Strength, and Proportions of Parts. 8vo, 3 eo 

Kent's Mechanical Engineers' Pocket-book. z6mo, morocco, 5 00 

Kerr's Power and Power Transmission. 8vo, 2 00 

Leonard's Machine Shop, Tools, and Methods. (In press.) 

Lorenz's Modem Refrigerating Machinery. (Pope, Haven, and Dean.) (In press.) 

MacCord's Kinematics; or. Practical Mechanism. 8vo, 5 00 

Mechanical Drawing 4to, 4 00 

Velocity Diagrams 8vo, z 50 

Mahan's Industrial Drawing. (Thompson.) 8vo, 3 50 

Pooled Calorific Power of Fuels 8vo, 3 00 

Reid's Course in Mechanical Drawing 8vo, a 00 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 00 

Richard's Compressed Air Z2mo, z 50 

Robinson's Principles of Mechanism 8vo, 3 00 

Schwamb and Merrill's Elements of Mechanism. 8vo, 3 00 

Smith's Press-working of Metals. 8vo, 3 00 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 

Work 8vo, 3 00 

Animal as a Machine and Prime Motor, and the Laws of Energetics . z2mo, z 00 

Warren's Elements of Machine Construction and Drawing. , . . . 8vo, 7 50 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — ' 

Klein.) 8vo, 5 90 

Machinery of Transmission and Governors. (Herrmann — Klein.). .8vo, 5 00 

Wolff's Windmill as a Prime Mover. 8vo, 3 00 

Wood's Turbines \ 8vo, 2 50 

MATERIALS OF ENGINEERING. 

Bovey's Strength of Materials and Theory of Structures 8vo« 7 50 

Burr's Elasticity and Resistance of the Materials of Engineering. 6th Edition. 

Reset 8vo, 

Church's Mechanics of Engineering 8vo, 

Johnson's Materials of Construction 8vo, 

Keep's Cast Iron 8vo, 

Lanza's Applied Mechanics 8vo, 

Martens's Handbook on Testing Materials. (Henning.) 8vo, 

Herriman's Text-book on the Mechanics of Materials 8vo, 

Strength of Materials z2mo, 

Hetcalf's SteeL A manual for Steel-users z2mo. 

Sabin's Industrial and Artistic Technology of Paints and Varnish. 8vo, 

Smith's Materials of Machines Z2mo, 

Thurston's Materials of Engineering 3 vols., 8vo, 

Part n. Iron and SteeL 8vo, 

Part HI. A Treatise on Brasses, Bronzes, and Other Alloys and their 
Constituents 8vo, 

Text-book of the Materials of Construction. 8vo, 
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Wood's (I>e V.) Treatise on the Resistance of Materials and an Appendix on 

the Preservation of Timber 8vo, 2 

Wood's (De V.) Elements of Analytical Mechanics. 8vo, 3 00 

(food's (M. P.) Rustless Coatings: Ck)rrosion and Electrolysis of Iron and 

SteeL 8to, 4 00 



STEAM-EITGINES AND BOILERS. 



Berry's Temperature-entropy Diagram. zame, z 25 

Camot's Reflections on the Motive Power of Heal (Thurston*). ..... zamo, z 50 

Dawson's " Engineering ** and Electric Inaction Pocket-book .... z6mo, mor., 5 00 

Ford's Boiler Making for Boiler Makers zSmo, z 00 

Goss's Locomotive Sparks 8vOt a 00 

Hemenwajr's Indicator Practice and Steam-engine Economy zamo, a 00 

Button's Mechanical Engineering of Power Plants 8vo, 5 00 

Heat and Heat-engines 8vo, 5 00 

Kent's Steam boiler Economy. 8vo, 4 00 

Eneass's Practice and Theory of the Injector. 8vo, z 50 

MacCord's Slide-valves 8vo, a 00 

Meyer's Modem Locomotive Construction 4to, zo 00 

Peabody's Manual of the Steam-engine Indicator. zamo. z 50 

Tables of the Properties of Saturated Steam and Other Vapors 8vo, z 00 

Thermodynamics of the Steam-engine and Other Heat-engines 8vo, 5 00 

Valve-gears for Steam-engines. 8vo, a 50 

Peabody and Miller's Steam-boilers 8vo, 4 00 

Pray's Twenty Years with the Indicator Large 8vo, a 50 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) zamo, i as 

Reagan's Locomotives: Simple Compound, and Electric zamo, 2 50 

Rontgen's Principles of Thermodimamics. (Du Bois.) 8vo, 5 00 

Sinclair's Locomotive Engine Running and Management zamo, a 00 

Sznart's Handbook of Engineering Laboratory Practice zamo, 2 50 

%iow'8 Steam-boiler Practice 8vo, 3 00 

tfpangler's Valve-gears 8vo, a 50 

Notes on Thermodynamics zamo, z 00 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 3 00 

Thurston's Handy Tables 8vo, z 50 

Manual of the Steam-engine 2 vols., 8vo, zo 00 

Part I. History, Structure, and Theory. 8vo, 6 00 

Part n. Design, Construction, and Operation 8vo, 6 00 

Handbook of Engine and Boiler Trials, and the Use of the Indicator and 

the Prony Brake 8vo, 5 00 

Stationary Steam-engines 8vo, 2 50 

Steam-boiler Explosions in Theory and in Practice z2mo, z 50 

Manual of Steam-boilers, their Designs* Construction, and Operation 8vo, 5 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 5 00 

Whitham's Steam-engine Design 8vo, 5 00 

Wilson's Treatise on Steam-boilers. (Flather.). z6mo, a 50 

Wood's Thermodynamics* Heat Motors, and Refrlg«srating Machines. . .8vo, 4 00 

MECHANICS AND MACHINERY. 

Barr's Kinematics of Machinery. 8vo, 2 50 

Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Chase's The Art of Pattern-making. Z2mo, 2 50 

Qwrch's Mechanics of Engineering. * 8vo, 6 00 
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Church's Notes and Examples in Mechanics. 8yo, a 00 

Compton's First Lessons in Metal-working. ....•• lamo, z 50 

Compton and De Groodt's The Speed Lathe izmo, i 50 

Cromwell's Treatise on Toothed Gearing i2mo, i 50 

Treatise on Belts and Pulleys lamo, i 50 

Dana's Text-book of Elementary Mechanics for Colleges and Schools . . i2mo, i 50 

Dingey's Machinery Pattern Making i2mo, 2 00 

Dredge's Record of the Transportation Exhibits Building of the World's 

Columbian Exposition of 1893 4to half morocco, 5 00 

Du Bois's Elementary Principles of Mechanics: 

VoL I. Kinematics 8vo« 

Vol n. Statics 8vo, 

Vol. m. Kinetics 8vo, 

Mechanics of Engineering. VoL I Small 4to, 

Vol n Small 4to, 

Durley's Kinematics of Machines 8vo» 

Fitzgerald's Boston Machinist z6mo, 

Plather's Dynamometers, and the Measurement of Power. i2mo. 

Rope Driving ^ i2mo, 

Goss's Locomotive Sparks 8vo, 

Hall's Car Lubrication z2mo, 

Holly's Art of Saw Filing i8mo. 

James's Kinematics of a Point and the Rational Mechanics of a Particle. Sm.8vo.2 00 

* Johnson's (W. W.) Theoretical Mechanics i2mo. 3 00 

Johnson's (L. J.) Statics by Graphic and Algebraic Methods 8vo, 2 00 

Jones's Machine Design : 

Part L Kinematics of Machinery 8vo, i 50 

Part n. Form, Strength, and Proportions of Parts 8vo, 3 00 

Kerr's Power and Power Transmission 8vo, 2 00 

Lanza's Applied Mechanics. 8vo, 7 50 

Leonard's Machine Shop, Tools, 'and Methods. (In press.) 

Lorenz's Modem Refrigerating Machinery. (Pope, Haven, and Dean.) (In press.) 

HacCord's Kinematics; or. Practical Mechanism 8vo, 5 00 

Velocity Diagrams 8vo, i 50 

Maurer's Technical Mechanics 8vo, 4 00 

Herriman's Text-book on the Mechanics of Materials ^Svo, 4 00 

* Elements of Mechanics i2mo, i 00 

* Michie's Elements of Analytical Mechanics. . .' 8vo, 4 00 

Keagan's Locomotives: Simple, Compound, and Electric i2mo» 2 50 

Reid's Course in Mechanical Drawing 8vo. 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo. 3 00 

Richards's Compressed Air i2mo, t 50 

Robinson's Principles of Mechanism 8vo, 3 00 

Ryan, Norris, and Hoxie's Electrical Machinery. Vol. 1 8vo, 2 50 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Sinclair's Locomotive-engine Rtmning and Management x2mo, 2 00 

Smith's (0.) Press-working of Metals 8vo, 3 00 

Smith's (A. W.) Materials of Machines x2mo, z 00 

Spangler, Greene, and Marshall's Elements of ^team-engineering 8vo, 3 00 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 

Work 8vo, 3 00 

Animal as a Machine and Prime Motor, and the Laws of Energetics. 

z2mo, z 00 

Warren's Elements of Machine Construction and Drawing 8vo, 7 50 

Weisbach's Kinematics and Power of Transmission. (Herrmann — ^Klein.).8vo. 5 00 

Machinery of Transmission and Governors. (Herrmann — Ellein.).8vo, 5 00 

Wood*s Elements of Analytical Mechanics 8vo, 3 00 

Principles of Elementary Mechanics Z2mo, x 25 

Turbines 8vo. 2 50 

The World's Columbian Eaposition of Z893 4to, z oe 
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METALLURGY. 

Egleston's Metallurgy of Silver, Gold, and Mercury: 

VoL L Silver 8vo » 

VoL II. Gold and Mercxiry. 8vo, 

** Iles's Lead-smelting. (Postage 9 cents additional) zamo. 

Keep's Cast Iron 8vo, 

Kunhardt's Practice of Ore Dressing in Europe 8vo, 

Le Chatelier's High-temperature Meastiremepts. (Boudouard — Burgess. )z2mo, 

Metca]f*s SteeL A Manual for Steel-user^ , lamo. 

Smith's Materials of Machines ; i2mo, 

Thurston's Materials of Engineering. In Three Parts. 8vo, 

Part n. Iron and Steel. 8vo, 

Part m. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 

Hike's Modem Electroljrtic Copper Refining 8vo, 

MINERALOGY. 

Barringer's Description of Minerals of Commercial Value. Oblong, morocco, 

Boyd's Resources of Southwest Virginia .8vo, 

Map of Southwest Virignia Pocket-book form. 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo. 

Chester's Catalogue of Minerals 8vo, paper, 

Cloth, 

Dictionary of the Names of Minerals 8vo, 

Dana's System of Mineralogy Large 8vo, half leather, 12 

First Appendix to Dana's New " System of Mineralogy.'* LJEU^e 8vo, 

Text-book of Mineralogy 8vo, 

Minerals and How to Study Them Z2mo, 

Catalogue of American Localities of Minerals Large 8vo, 

Manual of Mineralogy and Petrography i2mo, 

Douglas's Untechnical Addresses on Technical Subjects i2mo, 

£akle*s Mineral Tables 8vo, 

Egleston's Catalogue of Minerals and Synonyms 8vo, 

Hussak's The Determination of Rock-forming Minerals. (Smith.) -Small 8vo, 
Merrill's Non-metallic Minerals: Their Occurrence and Uses 8vo, 

* Pbnfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

8vo. paper, o 50 
Roaeubusch's Microscopical Physiography of the Rock-making Minerals. 
(Iddings.) 8vo. 

* Tillman's Text-book of Important Minerals and Rocks 8vo. 

Williiuns's Manual of Lithology 8vo, 

MINING. 

'beard's Ventilation of Mines i2mo. 

Boyd's Resources of Southwest Virginia 8vo. 

Mcp of Southwest Virginia Pocket book form, 

Douglao*s Untechnical Addresses on Technical Subjects i2mo. 

* Drinker's Tunneling, Explosive Compounds, and Rock Drills. .4to,hf. mor.. 

Eissler's Modem High Explosives 8vo. 

Fowler's Sewage Works Analyses i2mo , 

Goodyear's Coal-mines of the Western Coast of the United States z2mo. 

Ihlseng's Manual of Mining 8vo, 

** Iles's Lead-smelting. (Postage 9c. additional.) Z2mo. 

Kunhardt's Practice of Ore Dressing in Eiirope 8vo, 

O'DriscoU's Notes on the Treatment of Gold Ores 8vo. 

* Walke's Lectures on Explosives 8vo, 

Wilson's Cyanide Processes Z2mo, 

Chtostoation Process. zamo, 
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WUson't HydrauLv and Flacer Kining iimo, 2 00 

Treatise on Practical and Theoretical Mine Ventilation. lamo, z 35 

SAIOTARY SCIENCE. 

Folwell's Sewerage. (Detlgning, Conttmction, and Maintenance.) Sto, 3 09 

Water-supply Engineering. i gro, 4 00 

Fuertes's Water and Public Heakh. lamo, i se 

Water-filtration Works zimo, 3 50 

Gerhard's Guide to Sanitary House-inspection z6mo, x 00 

Goodrich's Economic Disposal of Town's Refuse Demy 8vo, 3 50 

Hazen's Filtration of Public Water-supplies 8to, 3 00 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control Svo, 7 so 

Mason's Water-supply. (Considered principally from a Sanitary Standpoint) 8to, 4 00 

Examination of Water. (Chemical and Bacteriological) zamo, x 35 

Merriman's Elements of Sanitary Engrneering Svo, a 00 

Ogden's Sewer Design zamo, a 00 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Azialysis zamo, x 35 

* Price's Hiandbook on Sanitation. zamo, x 50 

Richards's Cost of Food. A Study in Dietaries z3mo, x 00 

Cost of Living as Modified by Sanitaiy Science zamo, x 00 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point Sto, a 00 

* Richards and Williams's The Dietary Computer Sto, x 50 

Rideal's Sewage and Bacterial Purification of Sewage Svo, 3 50 

Tumeaure and Russell's Public Water-supplies 8yo, 5 00 

Von Behring's Suppression of Tuberculosis. (Bolduan.) zamo, i 00 

Whipple's Microscopy of Drinking-water Svo, 3 50 

Woodhull's Notes on Military Hygiene. . . . > z6mo, z 50 

MISCELLANEOUS. 

De Fursac's Manual of Psychiatry. (Rosanoff and Collins.) Large zamo, a 50 

Emmons's (yeological Guide-book of the Rocky Mountain Excursion of the 

Litemational Congress of Geologists Large Svo, z 50 

Ferrel's Popular Treatise on the Winds Svo, 4 00 

Hainek's American Railway Management zamo, a 50 

Mott's Composition, Digestibility, and Nutritive Value of Food. Mounted chart, z as 

Fallacy of the Present Theory of Sound z6mo, z 00 

Ricketts's History of Rensselaer Polytechnic Listitute, z 8a4-z894.. Small 8vp, 3 00 

Rostoski's Serum Diagnosis. (Bolduan.) zamo, z 00 

Rotherham's Emphasized New Testament Large Svo, a 00 

Steel's Treatise on the Diseases of the Dog Svo, 3 50 

Totten's Important Question in Metrology Svo, a 50 

The World's Columbian Exposition of Z893 4to, z 00 

Von Behring's Suppression of Tuberculosis. (Bolduan.) zamo, i 00 

Winslow's Elements of Applied Microscopy zamo, z 50 

Worcester and Atkinson. Small Hospitals, Establishment and Maintenance; 

Suggestions for Hospital Architecture : Plans for Small Hospital . z amo, z 35 

HEBREW AND CHALDEE TEXT-BOOKS. 

Green's Elementary Hebrew Grammar zamo, z 35 

Hebrew Chrestomathy. Svo, a 00 

Gesenius's Hebrew and Chaldee Lexicon te the Old Testament Scriptures. 

(Tregelles.) Small 4to, half morocco, 5 oo 

Lettesis's Hebrew Bible Svo, a 25 
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